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X1. Summary
This is the Quarterly Technical Report for the DARPA DICE Manufacturing Optimization.

The goal of the Manufacturing Optimization (MO) system is to facilitate a two tiered team

approach to the product/process development cycle where a product design is analyzed by3 multiple manufacturing engineers, and product/process changes are traded concurrently in the

product and process domains. The system will support Design for Manufacturing and

Assembly (DFMA) with a set of tools to model manufacturing pru,:esses, and manage tradeoffs

across multiple processes. The subject of this report is the technical work accomplished during

the sixth quarter of the contract.

The main thrust of the sixth quarter was MO software development. Highlighted in this5 report are the manufacturing process model EXPRESS schemas and the C++ class header

files.

3 During the next quarter, Raytheon's activities will include development, integration, and

test of the MO System.

I
3
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2. Introduction
This is the Quarterly Technical Report for the DARPA DICE Manufacturing Optimization.g The concept behind the Manufacturing Optimization (MO) system is to facilitate a two tiered

team approach to the product/process development cycle where a product design is analyzed byI multiple manufacturing engineers, and product/process changes are traded concurrently in the

product and process domains. The system will support DFMA with a set of tools to model

manufacturing processes, and manage tradeoffs across multiple processes. The subject of this

report is the technical work accomplished during the sixth quarter of the contract.

Raytheon spent the sixth quarter on MO software development. To demonstrate some of

the work that was accomplished, we have included technical highlights of the manufacturing

3 process model EXPRESS schemas and the C++ class header files developed for the MO

system.

U2
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3. Process Model Schema Specification
In order to perform cost and yield analysis on a design, the manufacturing process must be

I modeled. The MO process model supports a hierarchical tree based model of a manufacturing

enterprise. Processes, operations and steps are defined for a manufacturing activity. Rules are3 defined which tie the product data to the processes, operations and steps. The selection rules, if

satisfied, will trigger the selection of that process, operation or step.

3 An object-oriented methodology has been employed to implement the model. To represent

processes, operations, and steps in the tree structure, a generic Manufacturing Activity class3 named "MfgSpec" was defined. The MfgSpec objects contain information that is common to

processes, operations, and steps. Within each MfgSpec is a reference to an "info" object. This

Sinfo object contains the information specific to the type of manufacturing activity being

modeled (i.e. process, operation, or step).

U The Manufacturing Analyzer's selection methodology is done by traversing the process

model in depth-first fashion. The logic at each manufacturing activity node will be evaluated to

see if this is an applicable path to follow. The selected nodes are added to an analysis tree

which is also modeled as a general purpose tree structure. After the entire process model has

been evaluated and the applicable nodes identified, the analysis tree created during process£ selection is traversed in a post-order fashion so that the time and cost can be calculated.

The EXPRESS model specified in this section was created for process model3 representation. Figure 3.1-1 is an EXPRESS-G representation of the same model.

3.1 EXPRESS Schema for Process Model

This EXPRESS schema listing defines the process model. The process model schema

3 references the resourceschema, as well as some predefined constants and types. The

specification of the additional schema will follow.

E XPRESS Specification

INCLUDE 'resource.exp';

SCHEMA processmodel;

3 REFERENCE FROM resourceschema;

U 3
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CONSTANT

-- Constants to Aid in Part Entity Status Markings
AVAILABLE: INTEGER:= 0;
TESTING : INTEGER := 1;
TESTED INTEGER:= 2;
PROCESSED: INTEGER := 3;
COMPLETED: INTEGER := 4;a -- Ordering Constants
SEQUENTIAL: INTEGER := 0;
CONCURRENT: INTEGER := 1;

I -- Step Type Constants
SETUP : INTEGER := 0.
RUNTIME : INTEGER := 1;

ENDCONSTANT;

TYPE MfgSpecOrder = ENUMERATION OF
(SEQUENTIAL, CONCURRENT);

ENDTYPE;

TYPE StepTypes = ENUMERATION OF
(SETUP. RUNTIME):

ENDTYPE;

TYPE PartEntityStatus = ENUMERATION OF
(AVAILABLE. TESTING, TESTED. PROCESSED, COMPLETED);

ENDTYPE;

3.1.1 ProcessModel Entity

I A ProcessModel entity is the specification of a manufacturing process model that contains a

hierarchical tree structure of Manufacturing Activity entities (i.e. MfgSpec objects). Additional

data about the model is also stored including its name, author, creation date, and last

modification date.

EXPRESS Specification:

I ENTITY ProcessModel:

name: STRING; -- Process Model name
creationDate: DateRec: -- Model creation date
modifyDate : DateRec; -- Model last modify date
author: STRING; -- Model author
topProcess : MfgSpec; -- Top MfgSpec inENDENTITY; -- hierarchical tree structure

Attribute definitions:

I4
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name: Name of the manufacturing process model.

creationDate: The date that the model was created.

modifyDate: The date that the model was last modified.

author: The author of the model.

topProcess: The root or top most process in the process model tree structure.

3.1.2 MfgSpec Entity

I A MfgSpec entity is the definition of a manufacturing activity which contains

manufacturi:ig process information and its corresponding reasoning logic. If the reasoningI logic is satisfied, then the MfgSpec node is included in the overall analysis results. MfgSpec's

are organized as a hierarchical planning system. The hierarchical planning system takes the

i form of a tree where each node can have one parent and an optional list of ordered (i.e.

sequential or concurrent) children. Each MfgSpec will also have a reference to its right sibling.

U EXPRESS Specification;

ENTITY MfgSpec:
id: STRING: -- Unitque MfgSpec Identifier
info: Process: -- Manufacturing Process Information
logic: ReasoningLogic: -- Manufacturing Spec Reasoning LogicI ordering: MfgSpecOrder: -- Sequential or Concurrent Ordering
parent: MfgSpec: -- Parents Spec
children : LIST [0:?] OF MfgSpec; -- List of Children (Descendants)
rsibling : MfgSpec; -- Right Sibling
entities: LIST [0:?l OF ROSEOBJECT; -- Spec Produced Entities
specCost: Cost: -- Spec Cost

ENDENTITY;

Attribute definitions:

3 id: Unique Identifier of the manufacturing specification.

info: Pointer to the Manufacturing Process Information assocL.•'.ed with this manufacturing
-- specification node.

logic: Reasoning Logic associated with the Manufacturing Process information. The logic is
comprised of design feature entity and attributes being present or of specific values.

I ordering: Ordering associated with the children of this specification. The order can be
Sequential or Concurrent.

I parent: Parent MfgSpec node associated with this specification.

-g children: List of MfgSpec children associated with this specification.

1- 5
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rsibling: The right sibling associated withi this MfgSpec tree node.

3 entities: List of entities produced by this specification for a particular part under analysis.

specCost: Total Cost of the manufacturing specification.

3.1.3 Process Entity
A Process Entity is the definition to support modeling of processes and sub-processes. A

process is an organized sequence of events, either discrete or, ontinuous, that tran:;form raw

materials into a finished product. A sub-process is an organized sequence of events, either

discrete or continuous, that result in a transformation )f the product.

EXPRESS Specification

ENTITY Process:
name: STRING; -- Process Name
desc: STRING; -- Description
resources: LIST 10:? 1 OF ResourceUtiliza. lor; -- Resources (i.e workcenter/workstation)
qualResults : Quality; -- Process Quality
I ndivRate : Cost; -Individual Process time and cost

END_-ENTITY;

Attribute definitions:

name: Manufacturing Process Name.

desc: Description of the Manufacturing Process.

resources: List of resources used by the process node as an entity. This list of resources are
associated with the process node.

qualResults: The resulting Process Quality associated with this Process.

SindivRate: The individual Time and Cost of the Process.

3.1.4 Operation Entity

An Operation Entity is the definition to support modeling of operations. An operation is a

I logical grouping of work, confined to one workcenter, and often one machine or machining

cell where a discrete unit of work is performed.

I EXPRESS Specification:

6
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ENTITY Operation
SUBTYPE OF (Process):

optype: LaborClass: -- F, A, I. T
scrap_rate: LIST [0:?] OF Scrap; -- Scrap rates
reworkrate: LIST 10:?l OF Rework; -- Rework rates3 ( ENDENTITY:

Attribute defiitons:

optype: Type of Operation (i.e. fabrication, assembly, inspection, or test).

scraprate: A list of table entries providing an indexed lookup of scrap rates based on valuesof entities and their attributes or an equation that when evaluated will provide the
scrap rate for the operation.

I rework-rate: A list of table entries providing an indexed lookup of rework rates based on
values of entities and their attributes or an equation that when evaluated will provide
the rework rate for the operation.

3.1.5 Step Entity

I A Step Entity is the definition to support modeling of steps. A step is an element of work

inside an operation, analogous to specific actions.

EXPRESS Specification:

ENTITY Step

SUBTYPE OF (Process):
stepType: StepTypes: -- Setup or Rua Time

ENDENTITY:

3 Attribute definitions:

stepType: Type of Step (i.e. setup or run time).

3.1.6 Scrap Entity

I The scrap entity is used to represent scrap rate (i.e. scrap = ]-yield) data. Scrap is the

percentage of parts that are lost or rejected at this operation. Scrap data is maintained in a list of

I scrap entities. In each entity there is a scrap rule and a corresponding scrap rate. If the scrap

rule is satisfied, then the corresponding scrap rate is computed.

EXPRESS Specification:

7



UUNCLASSIFIED
T SCDRL No.0002AB-5

ENTITY Scrap;

scrapRule : Rules; -- Rule to be evaluated
scrapRate: Equation; -- Scrap that applies if rule is satisfied
scrapPercentage: REAL; -- Actual Calculated operational scrap rate

ENDENTITY;

Attribute definitions:

scrapRule: The scrap rule to be evaluated.

scrapRate: The scrap rate equation to apply if the scrapRule is satisfied.

scrapPercentage: Scrap percentage associated with an operation in a particular part.

1 3.1.7 Rework Entity

3 The rework entity is used to represent rework rate data. Rework is the percentage of parts

that must be reworked due to this operation. Rework data is maintained in a list of rework

U entities. In each entity there is a rework rule and a corresponding rework rate. If the rework

rule is satisfied, then the corresponding rework rate is computed. There is a list of resources

3 associated with the rework which is used to calculate the cost of performing the rework

operation.

3 EXPRESS Specification:

ENTITY Rework;
reworkRule : Rules; Rule to be evaluated
reworkRate: Equation; -- Rework that applies if rule is satisfied
resources: LIST [0:?l OF ResourceUtilization: -- Rework resources
reworkPercentage: REAL; -- Calculated operational rework rate
reworkCost: REAL; -- Calculated Rework Cost

ENDENTITY;

Attribute definitions:

U reworkRule: The rework rule to be evaluated.

reworkRate: The rework rate equation to apply if the reworkRule is satisfied.

resources: The resources associated with the rework.

3 reworkPercentage: Rework percentage associated with an operation in a particular part.

reworkCost: Rework cost associated with an operation in a particular part.I
I8
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3.1.8 Cost Data

I The Cost data types and entities are used to represent calculated analyzer time and cost data.

EXPRESS Specification:

ENTITY Cost;
setupTime: REAL; -- Operation Setup Time
runTime: REAL; -- Operation Run Time
idealTime: REAL; -- Calculated Ideal Time
idealCost: REAL; -- Calculated Ideal Cost
actualTime: REAL; -- Calculated Actual Estimated Time
actualCost: REAL: -- Calculated Actual Estimated Cost

END ENTITY;

3 Attribute definitions:

setupTime: Operation calculated setup time.

runTime: Operation calculated run time.

IdealFait: Operation Fabrication, Assembly, Inspection, and Test Cost where no scrap and3 rework are included.

ActualFait: Actual Estimated Operation Fabrication, Assembly, Inspection, and Test Cost

1 3.1.9 Quality Data

5 The Quality data types and entities are used to represent calculated scrap, rework, and

production quantity.

5 EXPRESS Specification:

ENTITY Quality-
scrapPercent: REAL; -- Scrap Percentage
prodQty: INTEGER; -- Production QTY
reworkPercent: REAL; -- Rework Percentage
reworkCost: REAL; -- Rework Cost

END-ENTITY;

Attribute definitions:

SscrapPercent: Calculated scrap percentage.

prodQty: Required production quantity.

I
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reworkPercent: Calculated rework percentage.

3 reworkCost: Calculated rework cost.

3.1.10 ReasoningLogic Entity

The ReasoningLogic entity is used to hold the selection rules for the manufacturing activity

3 node. The rules define the reasons behind why a node should or should not be selected as part

of the process to manufacture a part.

3 EXPRESS Specification:

ENTITY ReasoningLogic;
rules: LIST [0:?] OF Rules: -- List of selection rules

ENDENTITY;

Attribute definitions:

rules: List of manufacturing activity selection rules.

* 3.2 EXPRESS-G Schema for Process Model

I The following EXPRESS-G model (figure 3.1-1) represents the Process Model schema:

0
I
I
I
I
I
I

| 10
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Iselection-rules.RulesI -- - - - -- -
rules L[O:?] ?

5 ReasoningLogil

LMSpecOrdIr logicw rs•b.,,
ordering?

I '1 I-•Cl fgSpe •-• "entities L[°:?]

I scap oate , I[/I chrenokrt L(0:? I ItPT

paen chlrni[ RoseObject

STRING Process reore [:r -------- I

IS . nam . 1 | I'X resource-schema.ResourceUtihization_ "" )

cose s a aev, a rewor-e

~Co t Op~er~ation

F - -1I Step

I I_ _ _- I. opqyp I rework-rate LI0:?I C stepType ,
scrap_rate L[0:?]tl ) I_ - I1

I - Scrap Rework resources L[°:?]

I rewo rk•ate rscrapRule l~scrapRate l~reworkRull

I Figr"- EXPRESS. MoeIfPoesMdlShm

3 selectionS -rules.Equation )

I The-rsou selectionhrules.Rules ofy

3 rFigure 3-1 EXPRESS-G Model of Process Model Schema

3.3 EXPRESS Schema for Resource
I The resource schema defines a collection of entities that are used to specify resources. A

I resource is any facility, labor, equipment, or consumable material used in the manufacturing
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process. A consumable material is a material that is used to aid the manufacturing process and3 is not considered raw material of the product. As defined in the schema a resource is a generic

entity. Specific subtypes of the resource entity are defined to represent facilities, people,3 equipment, and consumable materials. The resource schema includes the selectionrules

schema, as well as some predefined constants and types. The specification of the additional

3 schema will follow.

EXPRESS Specification:

INCLUDE 'rules.exp',

3 SCHEMA resourceschema;

REFERENCE FROM selectionrules;

3 CONSTANT

-- Labor Classification Types
FABRICATION: INTEGER := 0,ASSEMBLY : INTEGER := I-,
INSPECTION : INTEGER:= 2:
TEST : INTEGER:= 31,

ENDCONSTANT;

TYPE LaborClass = ENUMERATION OF
(FABRICATION, ASSEMBLY, INSPECTION. TEST);

ENDTYPE:

U 3.3.1 ResourceUtilization Entity

The ResourceUtilization Entity is used to store which resource(s) are utilized by a process

or operation.

I EXPRESS Specification:

ENTITY ResourceUtilization;
resource: Resource; -- Resource utilized
setupTime: Equation: -- Setup Equation
runTime: Equation; -- RunTime Equation
effRate : OPTIONAL REAL; -- Efficiency Rate
rate: ResourceRates; -- Calculated Resource RatesENDENTITrY;

Attribute definitions:

S,12
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resource: The resource being utilized.

3 setupTime: The amount of setup time required for the resource.

runTime: The amount of time that the resource is being used while running the operation.

I effRate: This optional attribute provides an efficiency rate factor that when applied to a labor
standard associated with an operation will provide the actual time for the operation.

3 rate: Calculated Resource Time and Cost Rates.

3.3.2 Resource Entity

This is the generic resource entity. Each resource is named and can be coded of a certain

3type. A list of generic attributes can be attached to each resource using the parameter entity.

EXPRESS Specification:

ENTITY Resource;
resourcename : STRING; - Resource Name
resourcecode: STRING, - Resource Code
parameters: LIST [0:?] of Parameter: -- Resource Parameters

ENDENTITY:

5 Attribute definitions:

resourcename: The name string associated with the resource.

3 resource-code: A string used to assign a code to the resource.

parameters: A list of generic attributes that can be attached to this resource.

3.3.3 Parameter Entity

3 The parameter entity is used to define a generic attribute.

EXPRESS Specification:

ENTITY Parameter;
pname: STRING: Parameter Name
p value : STRING: -- Parameter Value

ENDENTITY:

Attribute definitions:

I
|1
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p_name: The name of the parameter.3 p_value: The value of the prmtr

3.3.4 Labor Entity

The entities in this section define the labor resource. The labor entity is a subtype of the

3 generic resource entity.

EXPRESS Specification:

ENTITY Labor SUBTYPE OF (Resource):
job-Code: STRING; -- Labor Job Code
itype: LaborCiass; -- Labor Type
rate : REAL; -- Labor Rate

ENDENTITY;

Attribute definitions:

jobcode : A unique identifier associated with the labor.

3 I_type: Labor Type (i.e. Fabrication, Assembly, Inspection, Test)

rate : The labor rate.

3.3.5 Equipment Entity

U The equipment entity is a subtype of the generic resource entity. It is used to specify the

cost of operating the equipment resource during an operation or process.

I EXPRESS Specification:

3 ENTITY Equipment SUBTYPE OF (Resource);
equipment-category : STRING; -- Equipment Category
cost-perjtimeunit : REAL; -- Cost Per Time Unit3 ENDENTITY;

I Attribute definitions:

3 equipment-category: The equipment code or category.

cost_pertime unit: The cost of operating the equipment resource per unit of time.

I
| 14



U UNCLASSIFIED
CDRL No.0002AB-5

3.3.6 Facility Entity

I The facility entity is a subtype of the generic resource entity. It is used to specify the cost of

using the facility resource during an operation or process.

EXPRESS Specification:

ENTITY facility SUBTYPE OF (Resource);
square-feet-allocated: REAL; -- Square Feet Allocated
cost-perisqjft_.pertimeunit: REAL; -- Cost Per Sq Foot Per Time Unit

ENDENTITY;

Attribute definitions:

squarefeetallocated: The square feet allocated to this particular operation or process.

3 costper sq_ft_pertimeunit: The cost per square foot per time unit.

3.3.7 ConsumableMaterial Entity

The consumable material entity is a subtype of the generic resource entity. Consumable

materials are those materials used to aid in the manufacturing of a product that are consumed by

the process. These materials are not considered as part of the raw materials used in the

manufacture of the product. They only aid in the production process and are consumed at some

measurable rate during the process.

3 EXPRESS Specification:

ENTITY ConsumableMaterial SUBTYPE OF (Resource);
costper__unit: REAL; -- Cost Per Unit
resourceRates: LIST [0:?] OF ResourceConsumable; -- list of resource ratesENDENTITY;

ENTITY ResourceConsumable;
aresource : Resource; -- Associated Resource
unitsexhaustedjper time_unit : REAL; -- Units Exhausted Per Hour

ENDENTITY;

Attribute definitions:

costper unit: The cost of one unit of the consumable material.

3 resourceRates: The list of resource rates.

aResource: The associated Consumable Resource.

I
| 15
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units_exhausted_per time_unit: Units consumed per unit of time during or by the
operation or process.

3.3.8 ResourceRates Entity

I The ResourceRates entity is the entity which holds the calculated time and cost data

associated with the resources.

1 EXPRESS Specification:

ENTITY ResourceRates;
setupTime: REAL; -- setup Time
runTime: REAL: -- run Time
idealTime: REAL; -- ideal Time
idealCost: REAL; -- ideal Cost

ENDENTITY:

3 Attribute definitions:

setupTime: Setup Time associated with the Resources.

3 runTime: Run Time associated with the Resources.

idealTime: Ideal Time associated with the Resources.

I idealCost: Ideal Cost associated with the Resources.

* 3.4 EXPRESS-G Schema for Resource

The following EXPRESS-G schema (figure 3.1-2) represents the Resource schema:

I
I
I
I
I
1 16
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----- --------------------- IsetupTime
C selection rules.Equation I ResourceUtilizatio REAL

L- -m-------- - runTime

resource. resource name

Papar emterseL[r: 
Resource __ eSTRING

resource 

code
lp-value t p-name paatr L[O:? resource-cd

ST IN Is ° I
jocEbcoe Lbor ostI sFacility

cos-per sqjft square feet
_per _time_unit _allocated

RELI REAL

m cosLper-unitEquipment J•.

I cost.per-timeunit equipmentcategory
I IresourceRates

m ~ ~~~~~units exhausted I eure°smle-
_perjtimeunit

Figure 3-2 EXPRESS-G Model of Resources Schema

3.5 EXPRESS Schema for Selection Rules

m This schema defines a grammar format which rules for selection and equations for

evaluation are specified. Rules are tied to process nodes and equations are tied to such entities

as scrap and rework formulas. Provided below is the complete BNF (Backus-Naur Form)

grammar format for the selection rules and equations which the EXPRESS schema is based on.

Rule Grammar Format

3 <rule> := <expression>, [<rule>]

<expression>:= <equation> I <complexExp> I <simpleExp> I <stringValue>I
17
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<complexExp> := <equation> <equiv-op> <expression>

<simpleExp> := <unary-op> <DataDictStr>

<stringValue> := "string"

I <equation>:= <term> I <complexEquation>

<complexEquation>:= <term> <AddSubOper> <equation>

<Add_Sub_Oper>:= + addition
- subtraction

I <term> := <const> I <DataDictStr> I <parenEquation> I <complexTermn>

<const> := real numbers I integers

<DataDictStr> := <entity> I <entityAttr> I <SpecialFunct>

3 <parenEquation> := ( <equation> )

<complexTerm>:= <equation> <MultDivjOper> <equation>

I <Mult_Div_Oper>:= * multiplication
/ division

3 <unaryop> := ! not

<equiv-op> := < less than
<= less than equal to
> greater than
>= greater than equal to
= equal to
!= not equal to

Operator Precedence (ordered by most --> least priority)

Priority Operator Description

I ! logical negation

2 * multiplication
division (left to right)

*3 addition
- subtraction (left to right)

I4 <-less than
<= less than equal to
> greater than (left to right)

U 18
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>= greater than equal .o

= equal to
!= not equal to

3.5.1 Constants and Types for Rule Construction

The following is a listing of the EXPRESS source that defines symbolic constants and

aggregate types that are necessary for the specification of the rule's BNF:

EXPRESS Specification:

SCHEMA selection-rules;

CONSTANT
Multiply STRING:=`-,
Divide STRING := f';
Add: STRING :='+';
Subtract STRING.=V-

ULOp :STRING:="'';

Less STRING :=,'<',
LessEqual STRING:='<=',
Gieater : STRING:='>';U GreaterEqual STRING :='>,
Equal STRING:='=';
NotEqual STRING :='='

I LP STRING := '(':
RP STRING:=';
DQ STRING:= ....3 ENDCONSTANT;

TYPE DQuote = ENUMERATION OF (DQ):5 END- TYPE:

TYPE LParen = ENUMERATION OF (LP):
ENDTYPE;

I TYPE RParen = ENUMERATION OF (RP):
ENDTYPE;

TYPE UnaryOp = ENUMER ATION OF (UOp);
ENDTYPE:

TYPE Strings = STRING;
ENDTYPE;

TYPE Realnumbers = REAL:
END-TYPE;

TYPE integers = INTEGER;
* END-TYPE;

3 19
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TokenReturnValue = SELECT (Realnumbers, Integers. Strings):
ENDTYPE;

TYPE
Const = SELECT (Real-numbers. Integer.):

ENDTYPE;

TYPE Add SubOper = ENUMERATION OF
(Add. Subtract):

ENDTYPE:

TYPE MultDivOper = ENUMERATION OF
(Multiply. Divide);

ENDTYPE;

TYPE EquivOp = ENUMERATION OF
(Less. LessEqual, Greater. GreaterEqual, Equal. NotEqual):

ENDTYPE:

3.5.2 DataDictStr Entity

The DataDictStr entity is an abstract base class from which two subclasses have been

created. The first is the EntityName class which holds the name of an entity name. The other is

the EntityAttrName which is used to support the following entity attribute specification:

I ~ent.ity[ .entity[ .entity[.... attr]]]

An example of an instance of this might be:

I 1ine.pointl.x

EXPRESS Specification:

ENTITY DataDictStr, -- abstract base class
ENDENTITY.

ENTITY EntityNam-
SUBTYPE OF (DataDictStr),

name: STRING.
ENDENTITY:

Attribute definitions:

I name: The name of the entity as it appears in the product data EXPRESS model.

I 20
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EXPRESS Specification ;

ENTITY EntitiyAtuName
SUBTYPE OF (DataDictStr):

entityName : LIST I l:?] OF STRING:
attrNrane : STRING:

ENDENTITY:

Attribute definitions:

I entityName: List of entity name that corresponds to the structure : .enti.entf... ent]]. of the
entity as it appears in the product data EXPRESS model.

attrName: The attribute name which the final value is associate with. These attribute names
should be specified as they appear in the product data EXPRESS model.

3 3.5.3 Rules Entities

A complex rule is composed of a list of rules. A rule is an Expressions anded together. The

following BNF segment defines the grammar of the EXPRESS entities:

3 <Rules> := <Expression>, I<Rules>]

EXPRESS Specification

ENTITY Rules:
expi : LIST 11:?] OF Expression:
moreRulesFiring: BOOLEAN:

ENDENTITY:

3.5.4 Expression Entities

U The Expression syntax is represented by the following BNF segment:

<Expression> := <Equation> I <ComplexExp> I <SimpleExp> I <StringValue--

EXPRESS Specification:

TYPE
Expression = SELECT (Equation. ComplexExp. SimpleExp. StnngValue):

ENDTYPE:

ENTITY StringValue:
quote] : DQuote:
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valuel : STRING;

quote2: DQuote;I ENDENTITY;

ENTITY ComplexExp:
Equ I : Equation:
EquivOpl : Equiv_Op:
Expi : Expression:

ENDENTITY:

I ENTITY SimpleExp:
Noll : UnaryOp;
DataDictVar: DataDictStr:

ENDENTITY;

I 3.5.5 Equation Entities

The Equation syntax is represented by the following BNF segment:

<Equation> := <Term> I <ComplexEquation>

EXPRESS Specification:

I TYPE
Equation = SELECT (Tenn. ComplexEquation):

ENDTYPE;

ENTITY ComplexEquation;
Varl : Term;
Operl : AddSub_Oper,
Value : Equation;

ENDENTITY:

ENTITY ParenEquation:
Lparenthesis :LParen:
Equ : Equation;
Rparenthesis : RParen:

ENDENTITY;

I 3.5.6 Term Entities

The Term syntax is represented by the following BNF segment:

<Term> := <Const> I <DataDictStr> I <ParenEquation> I <ComplexTerm>

I EXPRESS Specification•

I
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TYPE
Term = SELECT (Const. DataDictStr, ParenEquation. ComplexTerm):

ENDTYPE;

ENDSCHEMA;

3.5.7 ComplexTerm Entities

The Term syntax is represented by the following BNF segment:

I <ComplexTerm> := <equation> <multdiv-oper> <equation>

EXPRESS Specification:

ENTITY ComplexTerm;
equl : Equation:
Operl MultDivOper:
equ2 : Equation:

* END-ENTITY:

ENDSCHEMA;

I
I
I
I
I
I
I
I
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U3.6 EXPRESS-G Schema for Selection Rules

LIntegers Real-numbers

Fr-I Const

AdSbeprrTRN

ParenEquation Complex1quatoontant
Lparen sis e~fnthesis -- _

Lpar n R are _j rT Equation 4 u1 ComplexTerm O m M ut-Div-O p

Ij Expnessnt

Exrsso BOOLEANe1: 
S: RI

LILD
name ttrt SameN

ame l~entityftName

I ro-cess model. Reasoningl~ogi I

Figure 3-3 EXPRESS-G Model of Selection Rules Schema
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4. C++ Header File Definitions
This section provides the C++ header files for the MO system. These files contain the

3 definition of the pertinent classes and objects in the system.

The class specifications defined in this section were developed as follows: the EXPRESS

information modeling language was used to model both the product data and the MO process

data (Section 6 provides a complete EXPRESS schema specification of the product and process

models). Using the express2c++ compiler which is part of the STEP Programmers Toolkit

(STEP Tools Inc.), the EXPRESS entities were translated into C++ classes. The generated

classes are structured such that all of the class attributes are declared as private. Public access

and update methods were generated for each private attribute. Each generated class was then3 extended to support the additional calculation and monitoring methods required for the system.

Figure 4-1 illustrates the top-level class categories for the MO system. The sections to

follow provide the details of the class specifications of each of these categones.

Modeler

3 ProductDesign ProcessModel

I I Analyzer

U RequirementTask Advisor User Interface
I_ global

Figure 4-1 Top-Level Class (Categories) Diagram
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4.1 ProductDesign

I An EXPRESS product model was developed to model PWB data and electronic component

library data. The model consists of approximately twenty interrelated EXPRESS schemas

consisting of more than one hundred and fifty entities. C++ source code was produced by the

express2c++ compiler as described above. The following specification is for the "routerec"

C++ class.

/* Class Declaration */
ROSEDECLARE (routerec) : virtual public RoseStructure I
private:

STR PERSISTENT signal;
STR PERSISTENTroutetype;
STR PERSISTENTstatus;
pin-namerec * PERSISTENTtarget name;
pinnamerec * PERSISTENT_object-name;
pinrec * PERSISTENT-target-pin;
pinrec * PERSISTENT object-pin;
pointrec * PERSISTENT_target_loc;
pointrec * PERSISTENThobjectloc;
BOOL PERSISTENT-protect;
int PERSISTENT-targetjlayer;
int PERS ISTENT-objectjlayer;
ListOfsegmentrec * PERSISTENT-path;
int PERSISTENTshield id;
int PERSISTENT-pin-pair-index;
pin-pair-rec * PERSISTENThpin-pair;
wwroutedatarec * PERSISTENTwwdata; STR PERSISTENTcomment;

public:
ROSEDECLAREMEMBERS(route-rec);

/* Access and Update Methods */
/* signal Access Methods */
STR signal()
I return ROSEGETPRIM (STR,PERSISTENThsignal);£ I
void signal (STR asignal)
I ROSEPUTPRIM (STR,PERSISTENTsignalasignal); I
/* route-type Access Methods */

STR routetype(
I return ROSEGETPRIM (STR,PERSISTENTroute-type);

void routetype (STR aroute-type)
I ROSEPUTPRIM (STR,PERSISTENTroute-type,aroutejtype); }

g /* status Access Methods */
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STR status()
I return ROSEGETPRIM (STR,PERSISTENT-status);

void status (STR astatus)3 f ROSEPUTPRIM (STR,PERSISTENT-status,astatus);

/* target -name Access Methods *
pin-name rec * target name()
I return ROSEG-ETOBJ (pin-namejrec,PERSISTENTjtarget..name);

void target name (pin-name-rec * atarget-name)
ROSEPUTOBI (pin~namejrec,PERSISTENTjtarget-name,atarget-name);

/* object-name Access Methods ~
pin-name -rec * object -name()

f return ROSEGETOBJ (pin-namejrec,PERSISTENT-object-name);

void object -name (pin-name-rec * aobjectjname)
I ROSEPUTOBJ (pin-namejrec,PERSISTENT-object..name,aobject-name); I

1 1/* target-pin Access Methods *
pin-rec * target-pin()
I return ROSEGETOBJ (pin-rec,PERSISTENTjtarget-pin);

v oid target-pin (pin - ec * atargetpin)

I ROSEPUTOBJ (pin-rec,PERSISTENT target-pin,atarget-pin);

1* object-pin Access Methods *
pin-rec * object-pin()
I return ROSEGETOBJ (pinjrec,PERSISTENT-object-pin);

void object-.pin (pin - ec * aobject-pin)
I ROSEPUTOBJ (pin-rec,PERSISTENT object-pin,aobject-pm);

/* targetiloc Access Methods *
point -rec * targetj- oc()

I return ROSEGETOBi (pointjrec,PERSISTENT targetiloc);

voi'd targetiloc (point rec * atargetiloc)
ROSEPUTOBI (pointjrec,PERSISTENT target Ioc,atarget boc); I

/* objectiloc Access Methods *
point -rec * objectj- oco)

II return ROSEGETOBJ. (pointjrec,PERSISTENThobjectjloc);

g void objectiloc (pointj-ec * aobjectiloc)
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f ROSEPUTOBI (point-rec,PERSISTENThobjectjloc,aobjectjloc);

3 1~* protect Access Methods *
BOOL protect()

return ROSEGETPRIM (BOOL,PERSISTENT protect);

void protect (BOOL aprotect)3 f ~ROSEPUTPRIM (BOOL,PERSISTENT-protect~aprotect);

/* target - ayer Access Methods *
mnt targetjlayer()3 f return ROSEGETPRIM (intPERSlSTENT-targetjlayer);

v oid target ayer (int atargetjlayer)5_RO-SEPUTPRIM (int,PERSISTENT target layer,atarget layer);

/* object-layer Access Methods *

int objectj- ayer()
return ROSEGETPRIM (intPERSISTEN'1'Objectjlayer);

Ivoid object -ayer (int aobjectjlayer)
I ROSEPUTPRIM (int,PERSISTENT object-layer,aobject-layer);

3 1* path Access Methods */
ListOfsegment rec * patho;,
v oid path (ListOfsegment -rec * apath)

IROSEPUTOBJ (ListOfsegment..jec,PERSISTENT path,apath);

ListOfsegment -rec * route -rec ::patho
f if( ! PERS ISTEN1'Lpath)I if( this->isPersistento)

path (pnewln (designo) ListOfsegmentjrec);
else path (new ListOfsegment - ec);I I return ROSEGETOBJ (ListOfsegmentjrec,PERSISTENT-path);

I ~/* shield-id Access Methods *
int shield_idO

return ROSEGETPRIM (int,PERSISTENT-shield-id);

v oid shield -id (mnt ashield-id)

ROSEPUTPRIM (int,PERSISTENT-shield_id,ashield id);

1* pin-pair -ndex Access Methods *
mnt pin...pairjndex()

return ROSEGETPRIM (int.PERSlSTENThpin~pairjindex);

28



1 UNCLASSIFIED

void pin-pair - ndex (int apin-pair-index) 
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ROSEPUTPRIM (int,PERSISTENT pin-pair-index,apin-pair index); I

/* pin-pair Access Methods *
pin-pairjrec * pin-pair()

I return ROSEGETOB11i(pin-pairjrec,PERSISTEN'Lpin-pair);

v oid pin-pair (pin-pair-rec * apin-pair)
I ROSEPUTOBJ (pin-pairjrec,PERSISTENT- ,-pai.,apin pair);

/* ww data Access Methods */
ww route data -rec * ww data()

Ireturn ROSE_GET_ OBJ (wwjroute-data-rec,PERSISTENT-ww-data);

5void ww-data (ww -route-data-rec * aww data)
I ROSEPUTOBJ (ww-route-data rec,PERSISTENT-ww-data,aww-data);

5 ~/* comment Access Methods *
STR comment()

Ireturn ROSEGETPRIM (STR,PERSISTENT-comment);

void comment (STR acomment)
I ROSEPUTPRIM (STR,PERSISTENT-comment,acomment);

/* Constructors *
route rec 0
route rec(I STh asignal,

STR aroute -type,
8Th astatus,
pin-name-rec * atarget-name,
pin-name-rec * aobject -name,
pin -rec * atarget-pin,
pin -rec * aobject-pin,
point -rec * atargetiloc,
point Irec * aobject loc,
BOOL aprotect,I mt atargetj- ayer,
mnt aobjectj- ayer,
ListOfsegment -rec *apath,

int ashield-.id,
int apin-pair -ndex,
pin-pair-rec * apin-pair,
ww route -data -rec * aww-data,
STR acomment);
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4.2 ProcessModel

I The ProcessModel class is used to manage the manufacturing process models. Each

ProcessModel object contains a reference to the top node in the hierarchical process tree

structure. Each also contains the name of the model, the dates of its creation and last

modification, and the name of the author of the model. The ProcessModel objects are created

by the Modeler managing object. The Analyzer traverses the ProcessModel in order to select

the appropriate analysis plan for the ProductDesign under analysis, and calculate the

corresponding yield, rework, and cost of each selected process and operation. The analysis

plan is a subset of the original ProcessModel object. The Advisor managing object provides

viewing of the resulting Analyzer process plan. The sub-sections that follow detail each of the

ProcessModel, Resource, and ReasoningLogic classes/objects and their corresponding

I methods.

3 4.2.1 ProcessModel Specification

/* Class Declaration */
#ifndef ProcessModel_h
#define ProcessModel_h

#include "rose.h"
#include "process-model_types.h"

/* CLASS INCLUDE-FILE EXTENSIONS */3 #include "ProcessModel.hi"

ROSEDECLARE (DateRec);
ROSEDECLARE (MfgSpec);
#define ProcessModelOffsets(subClass) \

RoseStructureOffsets(subClass)\ROSESUPERCLASSOFFSET(subClass,ProcessModel)

I ROSEDECLARE (ProcessModel) : virtual public RoseStructure I
private:

STR PERSISTENTname;
DateRec * PERSISTENT creationDate;
DateRec * PERSISTENT-modifyDate;
STR PERSISTENTauthor;
MfgSpec * PERSISTENTjtopProcess;

public:
p ROSEDECLAREMEMBERS(ProcessModel);

/* Access and Update Methods */ 3
30
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STh nameO
I return ROSEGETPRIM (STR,PERSISTENT name);
I
void name (STR aflame)3 I ROSEPUTPRIM (STR,PERSISTENT-name,aname);)

/* creationDate Access Methods ~
DateRec * creationDate()

I return ROSEGETOBJ (DateRec,PERSISTENT-creationDate);

void creationDate (DateRec * acreationDate)
I ROSEPUTOBJ (DateRec,PERSISTENT-creationDate,acreationDate);

/* modifyDate Access Methods *
DateRec * modifyDateo

return ROSEGETOBJ (DateRec,PERSISTENT-modifyDate);
void modifyDate (DateRec * amodifyDate)

ROSEPUTOBJ (DateRec,PERSISTENT-modifyDate,amodifyDate);

/* author Access Methods *
STR authoro

I return ROSEGETPRIM (STR,PERSISTENT-author);

void author (STR aauthor)
ROSEPUTPRIM (STR,PERSISTENT-author,aauthor);

/* topProcess Access Methods *
MfgSpec * topProcess()

I return ROSEGETOBI (MfgSpec,PERSISTENTjtopProcess);

void topProcess (MfgSpec * atopProcess)

I ROSEPUTOBJ (MfgSpec,PERSISTENT topProcess,atopProcess);
1* Constructors *I, ~ProcessModel 0
ProcessModel

STh aname,
DateRec * acreationDate,I DateRec * amodifyDate,
STh aauthor,3 ~MfgSpec * atopProcess)

/* CLASS DECLARATION EXTENSIONS *
/* Process Selection Traversal Method */I ~ProcessModel * SelectProcessFlow(ProductEntities*)
/* PreOrder Process Model Display Method ~
void PreOrderDisplayo;I ~/* PostOrder Process Model Display Method *
void PostOrderDisplay(MfgSpec *);3 ~/* Calculates Labor Standards Associated With Selected Processes *
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void CalculateLaborStds(int);

/* Determines Total Cost of each Process/Operation/Step */
void DetermineTotalCosto;

/* Advisor Display Method */3 void AdvisorDisplay0;

#endif

1 4.2.2 MfgSpec Specification

/* Class Declaration */#ifndef MfgSpec-h
#define MfgSpec-h

3#include "rose.h"
#include "process model_types.h"

/* CLASS INCLUDE-FILE EXTENSIONS */
#include "MfgSpec.hi"

ROSEDECLARE (Process);
ROSEDECLARE (ReasoningLogic);
ROSEDECLARE (MfgSpec);
ROSEDECLARE (ListOfMfgSpec);
ROSEDECLARE (Cost);
#define MfgSpecOffsets(subClass)\

RoseStructureOffsets(subClass)\3 ROSESUPERCLASSOFFSET(subClass,MfgSpec)

ROSEDECLARE (MfgSpec) :virtual public RoseStructure I
private:

STR PERSISTENT id;
Process * PERSISTENT'info;
ReasoningLogic * PERSISTENTlogic;
MfgSpecOrder PERSISTENTordering;
MfgSpec * PERSISTENT-parent;
ListOfMfgSpec * PERSISTENTchildren;
MfgSpec * PERSISTENTrsibling;
ListOfRoseObject * PERSISTENT-entities;Cost * PERSISTENTspecCost;3 public: _

ROSEDECLAREMEMBERS(MfgSpec);

3 /* Access and Update Methods */

/* id Access Methods */
STR idO
I return ROSEGETPRIM (STR,PERSISTENT-id);

void id (STR aid)
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ROSEPUT_-PRIM (STR,PERSISTENT-id,aid);I

/* info Access Methods *I Process * infoO
I retu-n ROSEGETOBJ1 (Process,PERSISTENT info);I void info (Process * ainfo)

f ROSEPUTOBJ (Process, PER S ISTENT-info,ainfo);

1* logic Access Methods *
ReasoningLogic * logico

return ROSEGETOBJ (ReasoningLogic,PERSISTENT-logic);

I void logic (ReasoningLogic * alogic)
IROSEPUTOBJ (ReasoningLogic,PER SISTENTjlogic,alogic);

1 1~* ordering Access Methods ~
MfgSpecOrder ordering()

I return ROSEGETPRIM (MfgSpccOrder,PERSISTENT ordering);

void ordering (Mfg-SpecOrder aordering)
ROSEPUTPRIM (MfgSpecOrder,PERSISTENIT ordering,aordering);

1 1~* parent Access Methods *
MfgSpec * parent()

I return ROSEGETOBJ (MfgSpec,PERSISTENT-parent);

void parent (MfgSpec * aparent)
ROSEPUTOBJ (MfgSpec,PERSISTENT parent,aparent);II ~/* children Access Methods ~

ListOfMfgSpec * childreno;
void children (ListOfMfgSpec * achildren)

I ROSEPUTOBJ (ListOfMfgSpec,PERSISTENT-children,achildren);
/* rsibling Access Methods *
MfgSpec * rsibling()

return ROSEGETOBJ (MfgSpec,PERSISTENT rsibling);

void rsibling (MlfgSpec * arsibling)

IROSEPUTOBJ (MfgSpec,PEiRSISTENT .siuling,arsibling);

/* entities Access Methods */
ListOfRoseObject * entitieso;
void entities (ListOfRoseObject * aentities)
I ROSEPUTOBJ (ListOfRoseObject,PEkSISTENTLntities,aentities);

1 ~/* specCost Access Methods *
Cost * specCosto

I return ROSEGETOBJ (CostPERSISTEN7-specCost);

void specCost (Cost * aspecCost)
{ ROSEPUTOBI (Cost,PERSISTENT-specCost,aspecCost);
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/* Constructors ~
MfgSpec 0I ~MfgSpec(

STR aid,
Process * ainfo,I ReasoningLogic * alogic,
MfgSpecOrder aordering,
MfgSpec * aparent,I ListOfMfgSpec * achildren,
MfgSpec * arsibling,
ListOfRoseObject *aentities,3 ~Cost* aspecCost)

/* CLASS DECLARATION EXTENSIONS *
1* Determnine Cost of Spec *
void DetermineSpecCosto;
/* Calculate Spec Labor Stds *
void CalculateLaborStds(int);
/* Locate Spec parent in Results tree *
void LocateParent(MfgSpec *, ProductEntities*)

/* Deep Copy MfgSpec Node */
MfgSpec *Add MfgSpec(ProductEnti tes *, MfgSpec*)

/* Determine if MfgSpec is Applicable to this part ~I ~BOOL Select(ProductEntities*)
/* Display MfgSpec *
void Displayo;

#endif

14.2.3 Process Specification

/* Class Declaration ~
#ifndef Process-h
#define Process-h

#include "rose.h"
#include "process model-types.h"

/* CLASS INCLUDE-FILE EXTENSIONS *I #include "Process.hi"

ROSE_-DECLARE (ListOfResourceUtilization);
ROSE_-DECLARE (Quality);
ROSE_-DECLARE (Cost);
#defiae ProcessOffsets(subC] ass) \

RoseStructureOff~sets(subClass)\

ROS ESUPERCLAS SOFFS ET(su bCl ass, Process)

ROSEDECLARE (Process): virtual public RoseStructure
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STh PERSISTENT -name;
STh PERSISTENT -desc;
ListOfResourceUtilization * PERSISTENT-resources;
Quality * PERSISTENT.._qualResults;3Cost * PER S ISTENT-i ndiv Rate;

public:3 ROSEDECLAREMEMBERS (Process);

/* Access and Update Methods *

/* name Access Methods *I ~STR name()
return ROSEGETPRIM (STR,PERSISTENT-name):I ~void name (STh aflame)

I ROSEPUTPRIM (STR,PERSISTENT-name,aname);

1* desc Access Methods *
STR desc()

I return ROSEGETPRIM (STR,PERSISTENT-desc);

I void desc (STR adesc)
ROSEPUTPRIM (STR,PERSISTENT-desc,adesc); I

3 1* resources Access Methods */
ListOfResourceUtilization * resourceso;
void resources (ListOfResourceUtilization * aresources)3 I ROSEPUTOBJ (ListOfResourceUtilization,PERSISTENT-resources,aresources): I

/* qualResults Access Methods *
Quality * qualResultso

return ROSEGETOBJ (Quality,PERSISTENTýqualResults);

v oid qualResults (Quality * aqualResuhts)
f ROSEPUTOBJ (Quality,PERS ISTENT-qualResults~aqual Results); I

/* indivRate Access Methods *
Cost * indivRateo

return ROSEGETOBJ (Cost,PER SIS TENT-1indi vRate);

v oid indivRate (Cost * aindivRate)
I ROSEPUTOBI (Cost,PER SIS TENT-ind ivRate,aind iv Rate);

1* Constructors *
Process 0;
Process (

STh aname,
STR adesc,I ListOfResourceUtilizafion * aresources,
Quality * aqualResults,
Cost * aindivRate );
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/* CLASS DECLARATION EXTENSIONS */
/* Determines the Scrap and Rework Rates for the Process */
virtual void DetermineScrapRework(ListOfMfgSpec *);

/* Determine Total Process Cost */
virtual Cost *TotalRate(ListOfMfgSpec *);

/* Calculate Process Quality */
virtual void CalculateQuality(int);

/* Calculate Process Time/Cost rates */
virtual void CalculateRateso;

/* Specifies if Features are complete at this Process */
virtual int CompleteFeatureso;

/* Performs Deep Copy of Process */
virtual Process *CopyProcess(ListOfRoseObject *);

/* Display for Process */
virtual void Displayo;

#endif

1 4.2.4 Operation Specification

/* Class Declaration */
#ifndef Operation_h
#def'me Operation_h

I#include "rose.h"
#include "processmodeltypes.h"

/* CLASS INCLUDE-FILE EXTENSIONS */
#include "Operation.hi"

#include "Process.h"
ROSEDECLARE (ListOfScrap);
ROSEDECLARE (ListOfRework);
#define OperationOffsets(subClass) \

ProcessOffsets(subClass) \
ROSESUPERCLASSOFFSET(subClascOperation)

ROSEDECLARE (Operation) : virtual public Process II private:
LaborClass PERSISTENT-optype;

ListOfScrap * PERSISTENTscrap_rate;3 ListOfRework * PERSISTENTreworkrate;

public:

ROSEDECLAREMEMBERS(Operation);

/* Access and Update Methods */
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LaborClass optypeo
return ROSEGETPRIM (LaborCl ass, PER S ISTENT opt> pe);

void optype (LaborCiass aoptype)3 f ROSEPUTPRIM (LaborClass,PERSISTENT-optype,aoptype);

/* scrap-rate Access Methods *
ListOfScrap * scrapjyateo;
void scrap.Jate (ListOfScrap * ascrapjyate)

I ROSEPUTOBI (ListOfScrap,PERSISTENT-scrap-rate,ascrapjyate);

1* rework rate Access Methods ~IListOfRework * rework -rateo;
void rework rare (ListOfRework * arework rate)3 I ROSEPUTOBJ (ListOfRework,PERSISTENT-rework rate,arework-rate);

1* Constructors *
Operation 0;I Operation (

STh aflame,
STR adesc,
ListOfResourceUtilization * aresources,I Quality * aqualResults,
Cost * aindivRate,
LaborClass aoptype,I ListOfScrap * ascrap-sate,
ListOfRework * arework rate)

/* CLASS DECLARATION EXTENSIONS *I ~/* Determine Operation Scrap and Rework Values ~
void DetermnineScrapRework(ListOfMfgSpec*)
/* Calculate Production Qty *
void CalculateQuality(int);

/* Return if Features are complete at this operation ~U mnt CompleteFeatureso;
/* Perform deep copy of the operation *
Process *CopyProcess(ListOfRose~bject*)

/* Display Operation data *
void Display0;

#endif

34.2.5 Step Specification

l* Class Declaration *
#ifndef Step- h
#define Step-h

#include 'rose.h'
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#include "process modeL~types.h" 
CR o00A-

/* CLASS INCLUDE-FILE EXTENSIONS *I #include "Step.hi"

#include "Process.h"
#define StepOffsets(subClass)\

ProcessOffsets(subClass)\
ROSESUPERCLASSOFFS ET'subClass,Step)

ROSEDECLARE (Step) : virtual public Process I
private:3 StepTypes PERSISTENThstepType;

public:5 ROSEDECLAREMEMB3ERS(Step);

/* Access and Update Methods *

/* stepType Access Methods *I ~StepTypes stepType()
I return ROSEGETPRIM (StepTypes,PERSISTENT stepType);U void stepType (StepTypes astepType)

ROSEPUTPRIM (StepTypes,PERSISTENTLstepType,astepType);)

I 1~* Constructors *
Step 0;
Step ( S R a a e

STR adesc,
ListOfResourceUtilization * aresources,
Quality * aqualResults,
Cost * aindivRate,
StepTypes astepType)

3 ~/* CLASS DECLARATION EXTENSIONS *
/* Determine Operation Scrap and Rework Values ~
void DetermiineScrapRework(ListOfMfgSpec*)5 ~/* Calculate Production Qty *
void CalculateQuality(int);3 ~/* Return if Features are complete at this operation ~

- mt CompleteFeatureso;

/* Perform deep copy of the operation *
Process *CopyProcess(ListOfRoseObject*)I ~/* Display Operation data ~
void Displayo;

#endif
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4.2.6 Quality Specification

3 ~/* Class Declaration *
#rifdef Quality~h
#define Quality~h

I#include "oeh
#includle "process -model~types.h"

3 ~/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Quality.hi"

#define QualityOffsets(subClass)\

RetrcuefstsulasROSESUPERCLASSOFFS ET(subClass,Quality)

I ROSEDECLARE (Quality): virtual public RoseStructure I
private:

float PERSISTENT -scrapPercent;I mt PERS ISTEN1ýprodQty;
float PERSISTENT-reworkPercent;

pbi:float PERSISTENT-reworkCost;

ROSEDECLAREMEMBERS(Quality);

U/* Access and Update Methods */I

/* scrapPercent Access Methods *I ~float scrapPercent()
Ireturn ROSEGETPRIM (float, PERS IS TENT-scrapPercent);

void scrapPercent (float ascrapPercent)

IROSEPUTPRIM (float,PERSISTENT -scrapPercent.,ascrapPercent);
/* prodQty Access Methods *I mnt prodQty()

return ROSEGETPRIM (intPERSISTENTLprodQty);

void prodQty (int aprodQty)
f ROSEPUTPRIM (int,PERSISTENT _prodQty,aprodQty);

/* reworkPercent Access Methods *I ~float reworkPercent()
I return ROSEGETPRIM (float,PERSISTENT-reworkPercent);

void reworkPercent (float areworkPercent)
ROSEPUTPRIM (float,PERSISTENT-reworkPercent~areworkPercent);

/* reworkCost Access Methods *I ~float reworkCost()
return ROSEGETPRIM (float,PERSISTENT-reworkCost);
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void reworkCost (float areworkCost)

I ROSEPUTPRIM (float, PERSISTENTreworkCost,areworkCost); )

/* Constructors */
Quality 0;
Quality (

float ascrapPercent,
int aprodQty,
float areworkPercent,
float areworkCost );

/* CLASS DECLARATION EXTENSIONS */
Quality *AddQuality0;1;
#endif

1 4.2.7 Scrap Specification

/* Class Declaration */
#ifndef Scrap-h
#define Scrap-h

#include "rose.h"
#include "process-model-types.h"

/* CLASS INCLUDE-FILE EXTENSIONS */
#include "Scrap.hi"

ROSEDECLARE (Rules);
ROSEDECLARE (Equation);
#define ScrapOffsets(subClass) \

RoseStructureOffsets(subClass)\
ROSESUPERCLASSOFFSET(subClass,Scrap)

ROSEDECLARE (Scrap): virtual public RoseStructure
private:

Rules * PERSISTENTscrapRule;
Equation * PERSISTENThscrapRate;

p float PERSISTENTscrapPercentage;

public:
ROSEDECLAREMEMBERS(Scrap);

/* Access and Update Methods */

/* scrapRule Access Methods */
Rules * scrapRule0
I return ROSE_GET_OBJ (Rules,PERSISTENT-scrapRule);

void scrapRule (Rules * ascrapRule)
i ROSE_PUT_OBJ (Rules,PERSISTENTscrapRule,ascrapRule);

I
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/* scrapRate Access Methods */

Equation * scrapRate0
{ return ROSE_GET_OBJ (Equation,PERSISTENT-scrapRate); }

void scrapRate (Equation * ascrapRate)
I ROSE_PUTOBJ(Equation,PERSISTENT scrapRate,ascrapRate); }

5w• /* scrapPercentage Access Methods */
float scrapPercentage(

return ROSEGETPRIM (floatPERSISTENT scrapPercentage);
- Ivoid scrapPercentage (float ascrapPercentage)

ROSEPUTPRIM (float, PERSISTENTscrapPercentage,ascrapPercentage); }

1 /* Constructors */
Scrap 0;
Scrap(I Rules * ascrapRule,

Equation * ascrapRate,
float ascrapPercentage );

/* CLASS DECLARATION EXTENSIONS */
/* Deep Copy the Scrap Object */3 Scrap *CopyScrap(ListOfRoseObject *);

/* Determine if Scrap rule should be Selected for the part under analysis */
BOOL Select(ListOfRoseObject *);| I;
#endif

4.2.8 Rework Specification

/* Class Declaration */
#ifndef Rework_h
#define Rework_h

#include "rose.h"
#include "process model-types.h"

/* CLASS INCLUDE-FILE EXTENSIONS */
#include "Rework.hi"

ROSEDECLARE (Rules);
ROSEDECLARE (Equation);
ROSEDECLARE (ListOfResourceUtilization);
#define ReworkOffsets(subClass) \

RoseStructureOffsets(subClass) \
ROSESUPERCLASS_OFFSET(subClass,Rework)

ROSEDECLARE (Rework): virtual public RoseStructure I
private:

Rules * PERSISTENTreworkRule;
Equation * PERSISTENTreworkRate;
ListOfResourceUtilization * PERSISTENTresources;
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float PERSISTENT -reworkPercentage; 
CR o00A-

pbi:float PERSISTENT-reworkCost;

ROSEDECLAREMEMBERS (Rework);

U I~/ Access and Update Methods *

/* reworkRule Access Methods *
Rules * reworkRuleo

I return ROSEGETOBJ (Rules,PERSISTENT-rework.Rule);

void reworkRule (Rules * areworkRule)

I ROSEPUT_OBJ (Rules,PERSISTENT-reworkRule,areworkRule);

/* reworkRate Access Methods *
Equation * reworkRateo

Ireturn ROSE_-GET -OBI (Equation,PERSIST7ENT-reworkRate);
void reworkRate (Equation * areworkRate)3 I ROSEPUTOBJ(Equation,PERS ISTENT-reworkRate,areworkRate);

/* resources Access Methods */
ListOfResourceUtilization * resourceso;I void resources (ListOfResourceUtilization * aresources)

I ROSEPUTOBJ (ListOfResourceUtilization,PERSISTENT-resources,aresources);

3 1~* reworkPercentage Access Methods *
float reworkPercentage()

return ROSEGETPRIM (floatPERSISTENT-reworkPercentage);

I void reworkPercentage (float areworkPercentage)
I ROSEPUTPRIM (float, PERS ISTENT-reworkPercentage,areworkPercentage);

3 ~/* reworkCost Access Methods *
float reworkCosto

return ROSEGETPRIM (float,PERSISTENT-reworkCost);I Ivoid reworkCost (float areworkCost)
I ROSEPUTPRIM (float, PERS ISTENT-reworkCost~areworkCost);

I ~/* Constructors *
Rework 0
Rework(

Rules * areworkRule,
Equation * areworkRate,
ListOfResourceUtilization * aresources,
float areworkPercentage,
float areworkCost );

/* CLASS DECLARATION EXTENSIONS *
/* Deep Copy Rework Object */
Rework *CopyRework(ListOfRoseObject*)

3 1/* Determnine if Rework Rule is Applicable for this part *
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BOOL Select(ListOfRoseObject *parFfeaturies); CR o00A-

3 #endif

14.2.9 Cost Specification

/* Class Declaration ~
#ifndef Cost-h3 #define Cost-h

#include "rose.h"3 #include "process model-types.h"

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Cost.hi"

U #define CostOffsets(subClass)
RoseStructureOffsets(subClass)\3 ~ROSESUPERCLASSOFFS ET(subClass,Cost)

ROSEDECLARE (Cost): virtual public RoseStructure I
private:fla _ESSETstpie

float PERSISTENT-seupTime;
float PERSISTENT-irunTime;
float PERSISTENT-ideal~ime;

float PERSISTENT-actualTime;
float PERSISTENT-actualCost;

I ~public: _

ROSEDECLAREMEMBERS(Cost);

3 ~/* Access and Update Methods *

I* setupTime Access Methods *
float setupTime()

I return ROSEGETPRIM (float,PERS ISTE NT-setupTime);

void setupTime (float asetupTime)

ROSEPUTPRIM (floatPERSISTENTý_setupTime,asetupTime);)
/* runTime Access Methods *
float runTime()

return ROSEGETPRIM (float,PERSISTENT-runTime);

void runTime (float arunTime)

I ROSEPUTPRIM (float,PERSISTENT-runTime,arunTime):)
/* idealTime Access Methods *
float idealTimeo

I return ROSEGETPRIM (float,PERSISTENT-idealTime);
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void idealTime (float aidealTime) 
CR o00A-

I ROSEPUTPRIM (float,PERSISTENT-idealTime,aidealTime); I

1 ~/* idealCost Access Methods *
float idealCost()3I return ROSEGETPRIM (float,PER S ISTE NT-ideal Cost);

void idealCost (float aidealCost)3ROSEPUTPRIM (float,PERS ISTENT-ideal Cost,aideal Cost);

/* actualTime Access Methods *
float actualTime()3 ( return ROSEGETPRIM (float,PERSISTENT-actualTime);

void actualTime (float aactualTime)3 I ROSEPUTPRIM (float,PERSISTENT-actualTime,aactualTime);

/* actualCost Access Methods *
float actualCostO

I return ROSEGETPRIM (float,PERSISTENT-actualCost);

void actualCost (float aactualCost)
I ROSEPUTPRIM (float, PERS ISTENT-actual Cost,aactualCost);

1* Constructors *
Cost 0);

Cot(float asetupTime,
float arunTime,
float aidealTime,
float aidealCost,
float aactualTime,3 float aactualCost );

/* CLASS DECLARATION EXTENSIONS *
Cost *AddCosto;

#endif

U 4.2.10 ResourceUtilization Specification

/* Class D~ecla ration */
#ifndef ResourceUtilization h
#define ResourceUtilization-h

#include "rose.h"

#include "resource-schemajtypes.h"

/* CLASS INCLUDE-FILE EXTENSIONS *

#include "ResourceUtilization.hi"

ROSEDECLARE (Resource);
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ROSE_-DECLARE (Equation); 
CR o00A-

ROSE_-DECLARE (ResourceRates);
#define ResourceUtilizationOffsets(subClass)\

RoseStructureOffsets(subClass) \
ROSESUPERCLASSOFFSET(subClass,ResourceUtilization)

U ROSEDECLARE (ResourceUtilization): virtual public RoseStructureI
private:

Resource *PERSISTENT -resource;I Equation *PERSISTENT-setupTime;
Equation *PERSISTENT -runTime;
float PERSISTENT-effRate; /* OPTIONAL *3 ResourceRates * PERSISTENT-rate;

public:3 ROSEDECLAREMEMBERS(ResourceUtilization);

I* Access and Update Methods *

/* resource Access Methods *
Resource * resourceo

f return ROSEGETOBJ (Resource,PERSISTENT-resource);

I void resource (Resource * aresource)
I ROSEPUTOBJ (Resource,PERSISTENT resource,aresource);

3 1~* setupTime Access Methods *
Equation * setupTime()

( return ROSE_-GEL-OBJ (Equation, PERS ISTENT-setupTime);
void setupTime (Equation * asetupTime)

f ROSEPUTOBJ(Equation,PERSISTENT SetupTime,asetupTime);I

/* runTime Access Methods *I ~Equation * runTime()
Ireturn ROSE_-GEL-OBJ (Equation,PERSISTENT-runTime);

v oid runTime (Equation * arunTime)
I ROSEPUTOBJ(EquationPERSISTENT-runTime,arunTime);I

1* effRate Access Methods *
float effRate()

I return ROSEGETPRIM (floatPERSISTENT-effRate),

v oid effRate (float aeffRate)
I ROSEPUT_PRIM (float,PERSISTENT-effRate,aeffRate);

/* rate Access Methods *
ResourceRates * rateo

f return ROSEGETOBJ (ResourceRates,PERSISTENT rate);

void rate (ResourceRates * arate)

I ROSEPUTOBJ (ResourceRates, PER S ISTENT_rate,arate);I /* Constructors */
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ResourceUtilization 0
ResourceUtilization(

Resource' aresource,
Equatice asetupTime,
Equation *arunTime,

float aeffRate,

ResourceRates * arate)

/* CLASS DECLARATION EXTENSIONS *U 1* Deep Copy the ResourceUtilization Object */
ResourceUtilization * AddResourceUtilization(ListOfRose~bject*)

/* Calculatge Resource Rates */
void CalculateResourceRates(ListOfRoseObject*)

#endif

4.2.11 Parameter Specification

3 ~/* Class Declaration *
#ifndef Parameter h
#define Parameter h

I#include "oeh
#include "resource-schemajtypes.h"

I ~/* CLASS INCLUDE-FILE EXTENSIONS *

#define ParameterOffsets(subClass) \

Roe rcuefst~u~asROSESUPERCLASSOFFSET(subClass,Parameter)

ROSEDECLARE (Parameter): virtual public RoseStructure I
private':

STh PERSISTENT~pname;

pulc STh PERSISTEN-p-value;

ROSEDECLAREMEMBERS(Parameter);

1 I~/ Access and Update Methods *

/* p-name Access Methods *I STR p~name()
I return ROSEGETPRIM (STR,PERSISTENT-p name);

void p-name (STh ap-name)
ROSEPUTPRIM (STR,PERSISTENT-p-name,ap name);)

1* p-value Access Methods *I STR pvyalue()
return ROSEGETPRIM (STR,PERSISTENT-p value);
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void pvyalue (STh ap~value) 
CR o00A-

I ROSEPUTPRIM (STR,PERSISTENT-pvalue,ap_,,alue);

1 ~/* Constructors *
Parameter 0
Parameter(

STR ap-name,
STR apyvalue)

5 ~/* CLASS DECLARATION EXTENSIONS *
1;
#endif

1 4.2.12 ResourceRates Specification

/* Class Declaration ~
#ifndef ResourceRates-h
#define ResourceRates-h

I #include "rose.h"
#include "resource-schemajtypes.h'

5 ~/* CLASS INCLUDE-FILE EXTENSIONS *
#include "ResourceRates.hi"

#define ResourceRatesOffsets(subClass)\I os~tutue~fst~sb~as)ROSESUPERCLASSOFFSET(subClass,ResourceRates)

IROS EDECLARE (ResourceRates) :virtual public RoseStructure I
private:

float PERSISTENT -setupTime;
float PERSISTENT-runTime;
float PERSISTENT -idealTime;

pbi:float PERSISTE.D _idealCost;

ROSEDECLAREMEMBERS(ResourccRates);

5 ~/* Access and Update Methods *

/* setupTime Access Methods *
float setupTime()

return ROSEGETPRIM (float,PERSISTENTFsetupTime);

void setupTime (float asetupTime)
ROSEPUTPRIM (float,PERSISTENT-setupTime,asetupTime); I

/* runTime Access Methods *

float runTime()
return ROSEGETPRIM (float,PERSISTENT-runTime);
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void runTime (float arunTime) 

CR o00A-

I ROSE_-PUT_-PRIM (float,PERSISTENT-runTime,arunTime);

U 1~* idealTime Access Methods *
float idealTime()

return ROSEGETPRIM (float,PERSISTENT-idealTime);,

void idealTime (float aidealTime)
{ ROSEPUTPRIM (float,PERSISTENT-idealTirne,aidealTime);

/* idealCost Access Methods *
float idealCost()
I return ROSEGETPRIM (float,PE RS ISTE NT-ideal Cost);

void idealCost (float aidealCost)3 f ROSEPUTPRIM (float, PER SI STENT-ideal Cost~aidealCost);

/* Constructors ~
ResourceRates 0
ResourceRates(

float asetupTime,
float arunTime,
float aidealTime,

float aidealCost );
f* CLASS DECLARATION EXTENSIONS *
ResouiceRates *AddRateso;

#endif

4.2.13 Resource Specification

/* Class Declaration *
#ifndef Resource-h
#define Resource h

U #include "rose.h"
#include "resource-schemajtypes.h"

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Resource.hi"

ROSEDECLARE (ListOfParameter);I #definie ResourceOffsets(subClass) \
RoseS tructureOff~sets(subClass)\3ROS ES U PERCLAS SOFFS ET(su bCl ass, Resource)

ROSEDECLARE (Resource): virtual public RoseStructure
private:

STh PERSISTENT-resource-name;
STh PERSISTENT-resource-code;
ListOfParameter * PERS ISTENT-Parameters;
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public:3 ROSEDECLAREMEMBERS(Resource);

/* Access and Update Methods */

I /* resourcename Access Methods */
STR resource nameO
I { return ROSEGETPRIM (STR,PERSISTENTresource-name);

void resource name (STR aresource_name)
I ROSEPUTPRIM (STR,PERSISTENTresourcename,aresource-name);

3 /* resourcecode Access Methods */
STR resourcecode(

return ROSEGETPRIM (STR,PERSISTENTresourcecode);

void resource code (STR aresourcecode)
ROSEPUTPRIM (STR,PERSISTENTresourcecode,aresource-code); I

I /* parameters Access Methods */
ListOfParameter * parameterso;
void parameters (ListOfParameter * aparameters)
I ROSE_PUT_OBJ (ListOfParameter,PERSISTENThparameters,aparameters);

/* Constructors */
Resource O;
Resource (

STR aresource name,
STR aresource-code,
ListOfParameter * aparameters);

/* CLASS DECLARATION EXTENSIONS */
/* retrieve the resource rate */
virtual float getRate0;

#endif

4.2.13.1 Equipment Specification

/* Class Declaration */
#ifndef Equipment-h3 #define Equipment-h

#include "rose.h"
#include "resourceschema-types.h"

/* CLASS INCLUDE-FILE EXTENSIONS */
#include "Equipment.hi"

#include "Resource.h"
#define EquipmentOffsets(subClass) \

I 419
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ResourceOffsets(subClass) 
\DLN.00A-

ROSES UPERCLASSOFFSET(subClass,Equipment)

ROSE_-DECLARE (Equipment) : virtual public ResourceI
private:

STR PERS ISTENT-equipmentCategory;

float PERSISTENT-cost-perjtime-unit;

public:

ROSEDECLAREMEMBERS(Equipment);
1* Access and Update Methods */

/* equipmentCategory Access Methods *
STh equipmentCategory()

I return ROSEGETPRIM (STRPERSISTENT equipmentCategory);

void equipmentCategory (STh aequipmentCategory)
I ROSEPUTPRIM (STR,PERSISTENT equipmentCategory,aequipmentCategory);

/* cost~per time-unit Access Methods ~
float cost-per -timie-unit()
I return ROSEGETPRIM (float, PERS ISTENT cost-per-time-unit);

vodc -per -time -unit (float acost-per.Aime-unit)
I ROSEPUTPRIM (floatPERS ISTENT-cost-per-time-uniacost-perjtime-unit);

/* Constructors *
Equipment 0
Equipment(

STh axesource~name,
STh aresource-code,
ListOfParameter * aparameters,
STR aequipmentCategory,
float acost...per-time_unit );

/* CLASS DECLARATION EXTENSIONS *
float getRateo;

#endif

4.2.13.2 ConsumableMaterial Specification

/* Class Declaration *I
#ifndef ConsumnableMaterial h
#define Consumable Materi al-h

#include "rose.h"
#include "resource-schemajtypes.h"

/* CLASS INCLUDE-FILE EXTENSIONS *

#include "Consumable Material. h i"
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#include "Resource.h"
ROSEDECLARE (ListOfResourceConsumable);
#define- Consumable Materi alOffsets(subClass)\

ResourceOffsets(subCl ass) \3 ~ROSESUPERCLASSOFFS ET(subClass,ConsumableMaterial)

ROSEDECLARE (ConsumableMaterial): virtual public Resource
private:

float PERSISTENT-cost-per-unit;1Li stOfResourceConsumable * PERS ISTENTrsuc~ts

pbi:ROSEDECLAREMEMBERS(ConsumableMaterial);

I ~/* Access and Update Methods *

1* cost-per-unit Access Methods *
float cost-per unito

I return ROSEGETPRIM (float, PERS IS TENT-ccost_per-unit);I I
void cost-per -unit (float acost per -unit)
I ROSEPUTPRIM (fl oat,PERS ISTE NT-cost-per-un it,acost-per-..unit0;

/* resourceRates Access Methods */
ListOfResourceConsumable * resourceRateso;
void resourceRates (ListOfResourceConsurnable * aresourceRates)

I ROSEPUTOBJ
(Li stOfResourceConsumable,PER S ISTE NT-resource Rates~aresourceRates);

I /* Constructors */
ConsumableMaterial 0
ConsumnableMaterial(I STh aresource-name,

STR aresource-code,
ListOfParameter * aparameters,
float acost-per-unit,ULi stOfResourceConsumable * aeoreae

/* CLASS D)ECLARATION EXTENSIONS *
float getRateo;

3 #endif

4.2.13.3 ResourceConsumable Specification

I ~/* Class D~eclaration */
#ifndef ResourceConsumnable h
#define ResourceConsumnable-h

#include "rose.h"
#include "resource sc hema-types.h'"
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/* CLASS INCLUDE-FILE EXTENSIONS *
#include 'tResourceConsumable.hi"

ROSE_-DECLARE (Resource);
#define ResourceConsumableOffsets(subClass)\I os~tutue~fst~sb~as)ROSESUPERCLASSOFFSET(subClass,ResourceConsumable)

3 ROSE -DECLARE (ResourceConsumable): virtual public RoseStructure I
private:

Resource * PERSISTENT-aresource;
float PERSISTENT-units-exhausted-peritimejinit;

public:3 ~ROSEDECLAREMEN4BERS(ResourceConsumable);

/* Access and Update Methods ~

/* aresource Access Methods *I ~Resource * aresource()
I return ROSE_GETOBJ (Resource,PERSISTENT aresource);

void aresource (Resource * aaresource)
ROSE_PUTOBJ (Resource,PERSISTENT-aresource,aaresource); I

/* units-exhaustec-per -time -unit Access Methods *
float units -exhausted-perjtime-unit()

return ROSEGETPRIM (floatPERSISTENT-units-exhausted per _time-unit);

void units -exhausted~perjime~unit (float aunits-exhaustec-per-time_unit)
I ROSEPUTPRIM

(floatPERSISTENT-units-exhausted-per time_unit~aunits~exhausted-per time-unit);

/* Constructors */
ResourceConsumable 0
ResourceConsumnable(

Resource * aaresource.
float aunits.-exhaustecL-per time-unit)

/* CLASS DECLARATION EXTENSIONS *
float getUnitsConsumedo;

#endif

4.2.13.4 Labor Specification

/* Class Declaration ~
#ifndef Labor-h
#define Labor-h

#include "rose.h"
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#include 'resource-schema-types.h" 
CR o00A-

/* CLASS INCLUDE-FILE EXTENSIONS *I #include "Labor.hi"

#include "Resource.h"
#define LaborOffsets(subClass)\

ResourceOffsets(subClass)\
ROSESUPERCLASSOFFSET(subClass,Labor)

ROSEDECLARE (Labor) : virtual public Resource
private:

STR PERSISTENT..job code;
LaborClass PERSISTENT I type;
float PERSISTENT-rate;

pbi:ROSEDECLAREMEMBERS(Labor);

3 ~/* Access and Update Methods *

/* jobsode Access Methods *
STR jobscode()

I return ROSEGETPRIM (STRPERSISTENT-job code);

v oid job-Code (STR ajobscode)I_ ~ROSEPUTPRIM (STR,PERSISTENT-job code,ajob code);

/* 1 type Access Methods ~
LaborClass L-type()

return ROSEGETPRIM (LaborClass,PERSISTENT-L type);

v oid 1-type (LaborClass al-type)

I ROSEPUTPRIM (LaborClass,PERSISTENT-1type,al-type);

1* rate Access Methods *
float rateo

I return ROSEGETPRIM (float,PERSISTENT rate);

void rate (float arate)

ROSEPUTPRIM (float,PERSISTENT-rate,arate);

/* Constructors *
Labor 0

Lao STR aresource -name,

float arate );

/* CLASS DECLARATION EXTENSIONS *
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float getRateo; 
CR o00A-

#endif

4.2.13.5 Facility Specification

/* Class Declaration *
#rifdef Facility-h
#define Facilityji

#include "rose.h"
#include "resource-schemajtypes.h"

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Facility.hi"

#include "eoreh
#define FacilityOffsets(subClass)\

ResourceOffsets(subClass)\

ROSESUPERCLASSOFFSET(subClass,Facility)

ROSEDECLARE (Facility): virtual public Resource jI private:
float PERSISTENT Lsquare -feet -allocated;

pbi:float PERSISTENT-cost-per-sq-ft-perjime-unit;

ROSEDECLAREMEMBERS(Facility);

/* Access and Update Methods */

/* squarej'eet-allocated Access Methods *
float square feet allocated()

I return ROSEGETPRIM (float,PERSISTENT-square-feet-allocated);

void square feet allocated (float asquarejfeet-allocated)
ROSEPUTPRIM

(float,PERSISTENT- square-feet-allocated,asquare feet-allocated); I

/* cost-per-sq-fLper..sime-unit Access Methods *
float cost-per -sq-ftper -time-unito

I return ROSEGETPRIM (float,PERSISTENT cost-per-sq-ftper-time-unit);

void cost-per -sq-ftper -time-unit (float acost-persq-ft-per-time-unit)
I ROSEIPUTPRIM

(float,PERSI STENT-cost-per-sq ft-per time~unit,acost per sq ftper-time-unit);

/* Constructors *
Facility 0;I Facility (

S 1h aresource-name,
STh aresource-code,
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ListOfParameter * aparameters, 
CR o00A-

float asquarej' eet -allocated,
float acost-per-sqft-per-time-unit)

/* CLASS DECLARATION EXTENSIONS *
float getRateo;I 1;#endif

4.2.14 ReasoningLogic Specification

/* Class Declaration */
#ifndef ReasoningLogic -h
#define ReasoningLogic-h

#include "rose.h"
#include "process modeL~types.h"

/* CLASS INCLUDE-FILE EXTENSIONS *I #include "ReasoningLogic.hi"

ROSE_-DECLARE (ListOfRules);I ~#define ReasoningLogicOffsets(subClass)\
RoseStructureOffsets(subClass) \
ROSESUPERCLASSOFFSET(subClass,ReasoningLogic)

ROSEDECLARE (ReasoningLogic) :virtual public RoseStructureI
private:

ListOfRules * PERSISTENT-rules;

public:
ROSEDECLAREMEMBERS(ReasoningLogic);

/* Access and Update Methods *

1* rules Access Methods *
ListOfRules * ruleso;
void rules (ListOfRules * arules)
I ROSEPUTOBJ (ListOfRules,PERSISTENT-rules arules);)

/* Constructors *
ReasoningLogic 0
ReasoningLogic(

ListOfRules * arules)

/* CLASS DECLARATION EXTENSIONS *
/* Evaluate ReasoningLogic */
BOOL Evaluate(ProductEntities*)

/*Display ReasoningLogic Data *
void Displayo;

#endif
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4.2.15 Rules Specification

/* Class Declaration ~
#ifndef Rules h
#define Rules-h

I #include "rose.h"
#include "selection-rules types.h"

I ~/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Rules.hi"

ROSE_-DECLARE (ListOfExpression);
#define RulesOffsets(subClass) \

RoseStructureOffsets(subClass)\
ROSESUPERCLASSOFFSET(subClass,Rules)

ROSEDECLARE (Rules): virtual public RoseStructure I
private:

ListOfExpression * PERSISTENTsexp 1;

pbi:BOOL PERSISTENT-moreRuleFiring;

pubic RSDECLAREMEMBERS(Rules);

/* Acesand Update Methods ~

/* explI Access Methods */

ListOfExpression * expl10;
void expl (ListOfExpression * aexpl)
I ROSE_PUT_OBJ (ListOfExpression,PERSISTENT expl,aexpl);I

* 1~* moreRuleFiring Access Methods *
* ~BOOL moreRuleFiring()

return ROSEGETPRIM (BOOL,PERSISTENT-moreRuleFiring);I void moreRuleFiring (BOOL amoreRuleFiring)
I ROSEPUTPRIM (BOOL,PERSISTENT-moreRuleFiring,amoreRuleFiring); I

/* Constructors *I ~Rules 0
Rules(

ListOfExpression * aexpi,

BOOL amnoreRuleFiring)

/* CLASS DECLARATION EXTENSIONS *I /* Evaluate Rules */
BOOL Evaluate(ProductEnti ties *, ListOfRoseObject*)

/* Display Rules *I void Display0;
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I 4.2.16 Expression Specification

/* Class Declaration *
#ifndef Expression-h
#define Expression-h

I ~/* Class Expression *
#include "rose.h"
#include 'selection-rules types.h"
ROSE_-DECLARE (Equation);UROSE_-DECLARE (ComplexExp);
ROSE_-DECLARE (SimpleExp);
ROSEDECLARE (String Value);

/* CLASS INCLUDE-FILE EXTENSIONS*'
#include "Expression. hi'"

#define ExpressionOffsets(subClass) \
RoseUn ion Offsets(subClass) \

ROSES UPER CLAS SOFFS ET(subClass, Expression)
ROSE_-DECLARE (Expression) :public RoseUnion I

* public:

ROSEDECLAREMEMBERS(Expression);

I ~/* Access and Update Methods *
BOOL is_Equation()
I return (getAttribute() == getAttribute('iEquation"));I Equation * -Equation()

return ROSEGETOBJ (Equation,PERSISTENT-data.value.aPtr);

Ivoid -Equation (Equation * aEquation)
this->putAttribute("_Equation");
if (!ROSE.erfror)

ROSEPUTOBJ(Equation,PERS ISTENT-data.value.aPtr,aEquation);

BOOL isComplexExpo3 I return (getAttribute() = getAttribute("_ComplexExp"));

ComplexExp * -ComplexExp()3 I retmr ROSEGETOBJ (ComplexExp,PERSISTENT-data.value.aPtr);

void _ ComplexExp (ComplexExp * a-ComplexExp)
I this->putAttribute('iComplexExp');I if (!ROSE.erfror)

ROSEPUTOBJ(ComplexExp,PERSISTENT-data.value.aPtr,a-ComplexExp);
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BOOL isSimpleExpO
return (getAttribute() == getAttribute("_SimpleExp"));

simpleExp * -SimpleExp()3return ROSEGETOBI (S impleExp,PERS ISTE NT-data. value. aPtr);

void -SimpleExp (SimpleExp * a -SimpleExp)
this->putAttribute('iSimpleExp");,
if (!ROSE.erroro)

ROSEPUTOBJ(SimpleExp,PERSISTENT-data.value.aPtr,a-SimpleExp);

BOOL isStringValue()I I return (getAttribute() == getAttribute( 'iString Value"));

String Value * -StringValue()
i return ROSE_GET_OBJ (StringValue,PERSISTENT-data.value.aPtr);

void -String Value (String Value * a-StringValue)
this->putAttribute('iString Value");
if (!ROSE.erroro)

ROSEPUTOBJ(StringValue,PERSISTENT-data.value.aPtr,aStringValue);

/* Constructor *

I Expression 0;

/* CLASS DECLARATION EXTENSIONS *
/* Evaluate Expression */
TokenReturnValue Evaluate(BOOL &, ProductEntities *,ListOfRoseObject*)

/* Display Expression ~
void Displayo;

#endif

4.2.17 ComplexExp Specification

/* Class Declaration ~
#ifndef ComplexExp-h
#define ComplexExp-h

3 #include "rose.h"
#include "selection-rules-types.h"

/* CLASS INCLUDE-FILE EXTENSIONS *

#include "ComplexExp.hi"

ROSEDECLARE (Equation);
ROSEDECLARE (Expression);
#define Complex ExpOffsets(subCl ass) \3 RoseStructureOffsets(subClass) \
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ROSESUPERCLASSOFFS ET(subClass,ComplexExp)

ROSEDECLARE (ComplexExp): virtual public RoseStructureIS private:
Equation * PERSISTENT -EquI;
EquivjlOp PERSISTENTLEquivOpI;

Expression * PERSISTENTLExpI;

public:
ROSEDECLAREMEMBERS(ComplexExp);

/* Access and Update Methods *

U 1/* EqulI Access Methods *
Equation * Equ 10)

Ireturn ROSEGEThOBI (Equation,PERSISTENTLEqu1);)
void EqulI (Equation * aEqul1)

I ROSE_-PUT_-OBJ(Equation,PERSISTENT -Equ l,aEqul1);

/* EquivOp 1 Access Methods *I Equiv-Op EquivOp 10)
I return ROSEGETPRIM (Equiv-0p,PERSISTENT Equiv~p 1);

I void EquivOp 1 (Equiv-Op aEquivOp 1)
IROSEPUTPRIM (Equiv..Op,PERSISTENTLEquiv~pI ,aEquiv~p 1);

1* Exp I Access Methods *
Expression * ExplI(

(return ROSE_-GETL-OBJ (Expression, PERS ISTENTLExp 1);
v oid Expi (Expression * aExpi)

I ROS EPUTOBJ(Expression,PERS ISTE NTLExp l,aExpl1); 1

/* Constructors *I ~ComplexExp 0
ComplexExp(

Equation * aEqul,
Equiv-Op aEquivOp 1,
Expression * aExp I );

/* CLASS DECLARATION EXTENSIONS *I ~TokenReturn Value Evaluate(BOOL &, ProductEntities *,ListOfRoseObject*)

void Displayo;

#endif

5 4.2.18 SimpleExp Specification

/* Class Declaration *
#ifndef SimpleExp-hI #define SimpleExp-h

#include "rose.h"

59



N UNCLASSIFIED

#include "selection-rulesjtypes.h" 
D.No0 2A-

/* CLASS INCLUDE-FILE EXTENSIONS *I #include "SimpleExp.hi"

ROSEDECLARE (DataDictStr);
#defin-e SimpleExpOffsets(subClass)\

RoseStructureOffsets(subClass)\
ROSESUPERCLASSOFFSET(subClass,SimpleExp)

ROSE_-DECLARE (SimpleExp) : virtual public RoseStructure I
private:

Unary-Op PERSISTENTNot[;

DataDictStr * PERSISTEN-TDataDictVar;

public:

ROSEDECLAREMEMBERS(SimpleExp);

/* Access and Update Methods *

/* Not I Access Methods *
Unary-Op NotlI(3 I return ROSEGETPRIM (Unary-Op,PERSISTENTNoti);

void Noti (Unary-Op aNoti)
I ROSEPUTPRIM (UnaryOp,PERSISTENTNoti aNoti); I

/* DataDictVar Access Methods *
DataDictStr * DataDictVar()

I return ROSEGET_OBJ (DataDictStr,PERSISTENTDataDictVar);

void DataDictVar (DataDictStr * aDataDictVar)3 ( ROSE_PUTOBJ (DataDictStr,PERSISTENT_-DataDictVar,aDataDictVar);

1* Constructors *
SimpleExp 0

ipexpUnary-Op aNot I,
DataDictStr * aDataDictVar);

I ~/* CLASS DECLARATION EXTENSIONS *
TokenReturnValue Evaluate(BOOL &, ProductEntities ~,ListOfRoseObject*)
void Displayo;

#endif

£ 4.2.19 Equation Specification

/* Class Declaration *

#ifndef Equation -h
#define Equation-h
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/* Class Equation *
#include "rose.h"
#include "selection-rules types.h"
ROSE_-DECLARE (Term);3 ROSEDECLARE (ComplexEquation);

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Equation.hi"

#define EquationOffsets(subClass)\
RoseUnionOffsets(subClass)\5 ROSESUPERCLASSOFFSET(subClass,Equation)

ROSE_-DECLARE (Equation) : public RoseUnionI3 public:

ROSEDECLAREMEMBERS (Equation);

/* Access and Update Methods *
BOOL isTermO

I return (getAttribute() == getAttribute('iTermn")):

I return ROSEGETOBJ (Term,PERSISTENT-data.value.aPtr);

3void _ Term (Term * a - erm)
I this->putAttribute('jTerm");

if (!ROSE.erroro)
ROSEPUTOBJ(Term,PERS ISTENT- data. value. aft,afTerm); I

BOOL isComplexEquation()
return (getAttribute() == getAttribute('iComplexEquation"));

ComplexEquation * _ComplexEquation()
I return ROSE_GETOBJ (ComplexEquation,PERSISTENT-data.value.aPtr);

void -ComplexEquation (ComplexEquation * a_-ComplexEquation)
I this->putAttribute(i-ComplexEquation");3 if (!ROSE.erroro)

ROSEPUTOBJ(ComplexEquation,PERS ISTENT-data.value.aPtr~a-ComplexEquati
* on); )

/* Constructor *

3 Equation 0);

/* CLASS DECLARATION EXTENSIONS *
TokenReturnValue Evaluate(BOOL &, ProductEntities *, ListOfRose~bject*)I void Displayo;
1;
#endif
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/* Class Declaration *
#ifndef ComplexTerm -h
#define ComplexTermn-h

I#include "oeh
#include "selection-rules-types.h'

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "ComplexTerm.hi"

ROSE_-DECLARE (Equation);I ~#define ComplexTermOffsets(subClass)\
RoseS tructureOffsets(subClass) \
ROSESUPERCLASSOFFS ET(subClass,ComplexTerm)

ROSEDECLARE (ComplexTerm): virtual public RoseStructure I
private:U Equation * PERSISTENT-equI;

Mult.Div-Oper PERSISTENL-Operi;

pbi:Equation * PERSISTENTsequ2;

ROSEDECLAREMEMBERS(ComplexTerm);

3 I~/ Access and Update Methods ~

1* equlI Access Methods */
Equation * equlO)

(return ROSE_GETLOBJ (Equation,PERSISTENT-equI);I
void equlI (Equation * aequl1)
I ROSEPUTOBJ(Equation,PERSISTENT equl,aequl);

/* Oper I Access Methods *
Mult -Div -Oper Oper I(

return ROSEGETPRIM (Mult-Div-Oper,PERSISTENT-OperI);

void Openl (MultDivOper aOperl)
I ROSEPLITPRIM (Mult..Div-Oper,PERSISTENT Operl,aOperl); I
/* equ2 Access Methods *
Equation * equ2()

(return ROSE_GETLOBI (Equation,PERSISTENT~equ2);
void equ2 (Equation * aequ2")
I ROSEPUTOBJ(Equation,PERSISTENT equ2,aequ2);

/* Constructors *
ComplexTerm 0
ComplexTerm(

Equation * aequl,
MultDiv-Oper aOperl,
Equation * aequ2 ),
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/* CLASS DECLARATION EXTENSIONS *
TokenReturnValue Evaluate(BOOL &, ProductEntities *,ListOfRoseObject*)

void Displayo;
1;I #endif

4.2.21 ComplexEquation Specification

I /* Class Declaration */
#ifndef Co-nplexEquation-h
#define ComplexEquation-h

#include "rose.h"
#include "selection-rules-types.h'

/* CLASS INCLUDE-FILE EXTENSIONS *
#include 'ComplexEquation.hi"

I ROSEDECLARE (Term);
ROSEDECLARE (Equation);
#define ComplexEquationOffsets(subClass)\

RoseStructureOffsets(subClass) \
ROSESUPERCLASSOFF-SET(subClass,ComplexEquation)

ROSEDECLARE (ComplexEquation): virtual public RoseStructureII private:
Term * PERSISTENTVar[I
AddSubOper PERSISTENTOpenl;

Equation _* PERSISTENTVal-ue;

public:
ROSEDECLAREMEMBERS(ComplexEquation);

/* Access and Update Methods *

1 ~/* Vanl Access Methods ~
Term * Varl10

I(return ROSE_GET OBJ (Tenm,PERSISTENT Var I);)
void Var I (Termn * aVanl1)

ROSEPUTOBJ(Tenmn,PERSISTENTVarl,aVarl),

/* Open I Access Methods *
Add_-Sub_-Oper OperlI()

return ROSEGETPRIM (AddSubOper,PERSISTENT-OperI);I void Open I (AddSub-Oper aOperl1)
f ROSEPUTPRIM (AddS ubOper,PER S ISTE NT OperlI aOper) 0;

5 ~/* Value Access Metho~ds *
Equation * Value()

(return ROSE_GETLOBI (EquationPERSISTENTValue);
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ROSE_-PUT_-OBJ(Equation,PERSISTENTValue,aValue);

/* Constructors */
ComplexEquation 0
ComplexEquation(I Term * aVari,

Add -Sub -Oper aOperlI,
Equation * aValue );

/* CLASS DECLARATION EXTENSIONS *
TokenReturnValue Evaluate(BOOL &, ProductEntities *,List~fRoseObject*)5 void Display0;

#endif

1 4.2.22 ParenEquation Specification

/* Class Declaration ~
#ifndef ParenEquation -h
#define ParenEquation_h

3 #include "rose.h"
#include "selection -rules -types.h"

/* CLASS INCLUDE-FILE EXTENSIONS *U #include "ParenEquation.hi"

ROSEDECLARE (Equation);
#defin-e ParenEquationOffsets(subClass)\

RoseStructureOffsets(subClass) \
ROSESUPERCLASSOFFSET(subClass,ParenEquation)

ROSE_-DECLARE (ParenEquation) :virtual public RoseStructure

prvt:LParen PERSISTENTLparenthesis;
Equation * PERSISTENTL-Equ;
RParen PERSISTENT_Rparenthesis;

pbi:ROSEDECLAREMEMBERS(ParenEquation);

3 /* Access and Update Methods */

/* Lparenthesis Access Methods *
LParen Lparenthesis()

I return ROSEGETPRIM (LParen.PERSISTENTLLparenthesis);

v oid Lparenthesis (L-Paren aLparenthesis)
IROSEPUTPRIM (LParen,PERSISTENTLparenthesis.aLparenthesis);

1* Equ Access Methods */
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Equation * Equo 
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I(return ROSE_-GETL-OBJ (Equation,PERSISTENTLEqu);
void Equ (Equation * aEqu)

I ROSEPUTOBJ(Equation,PERSISTENTEqu,aEqu);

/* Rparenthesis Access Methods *I ~RParen Rparenthesis()
return ROSEGETPRIM (RParen,PERSISTENT-Rparenthesis);

void Rparenthesis (RParen aRparenthesis)
I ROSEPUTPRIM (RParen,PE RS ISTE NTRparenthesi s, aRparen thesis);

1* Constructors *Iae~uto
ParenEquation 0

LParen aL-parenthesis,
Equation * aEqu,
RParen aRparenthesis)

/* CLASS DECLARATION EXTENSIONS *I ~TokenReturnValue Evaluate(BOOL &, ProductEntities *,ListOfRoseObject*)

void Displayo;
1;

#endif

1 4.2.23 Term Specification

/* Class Declaration *
#ifndef Term h

#define Term-h

/* Class Term */U #include "rose.h"
#include "selection-rules types.h"
ROSE_-DECLARE (Const);
ROSE_-DECLARE (DataDictStr);
ROSE_-DECLARE (ParenEquation);,
ROSEDECLARE (ComplexTerm);

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Term.hi"

I #define TermOffsets(subClass)
RoseUnionOff~sets(subClass)\3 ROSESUPERCLASSOFFSET(subClass,Term)

ROSE_-DECLARE (Term) : public RoseUnion Ig public:

ROSEDECLAREMEMBERS(Term);
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BOOL isConst()3I return (getAttribute() == getAttribute(l-Const"));
I
Const * Const()3 I return ROSEGETOBJ (Const,PERSISTENT-data.value.aPtr);

void _ Const (Const * a-Const)
I this->putAttribute('iConst");I if (!ROSE.erfror)

ROSEPUTOBJ (Const, PER SI S TENT-data. value. aPtr,a-Con st);

BOOL isDataDictStr()I ~return (getAttribute() == getAttribute('iDataDictStr"));

DataDictStr * _DataDictStr()
I return R-OSEGETOBI (DataDictStr,PERSISTENT-data.value.aPtr);

void _ DataDictStr (DataDictStr * a_-DataDictStr)
I this->putAttribute("_DataDictstr");

if (!ROSE.errorO)
ROSEPUTOBJ(DataDictStr,PERSISTENT-data.value aPtr aDataDictStr);

BOOL isParenEquation()
I return (getAttribute() == getAttribute("iParenEquation"));I ParenEquation * _ParenEquation()
Ireturn ROSEGETOBJ (ParenEquation,PERSTSTENT-data.value.aPtr);

Ivoid _ ParenEquation (ParenEquation * a_-ParenEquation)
this->putAttribute("-ParenEquation");1 if (!ROSE.erfror)

ROSEPUTOBJ(ParenEquation,PERSI STENT-data.value.aPtr,aParenEquation);

BOOL is_-ComplexTerm()U { return (getAttribute() == getAttribute( iComplexTerm t));

Complex Ierm * _ComplexTerm()
I return RO-SEGETOBJ (ComplexTerm,PERSISTENT data.value.aPtr);)

v oid _.ComplexTerm (ComplexTerm * aComplexTermn)
I this->putAttribute(i-ComplexTerm'");

if (!ROSE.erroro)

3ROEUTOSPUOBJ (ComplexTerm,PERS ISTENT-data.value.aPtr,a-ComplexTermn),

1* Constructor *

I Term ();
3 ~/* CLASS DECLARATION EXTENSIONS *
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TokenReturnValue Evaluate(BOOL &, ProductEntities *,ListOfRoseObject*)

void Displayo;

U #endif

4.2.24 Const Specification

/* Class Declaration *
#ifndef Const h

#define Const-h

I /* Class Const */
#include "rose.h"
#include "selection-rules types.h"

/* CLASS INCLUDE-FILE EXTENSIONS *
#include "Const.hi"

I #define ConstOffsets(subClass)
RoseUnionOffsets(subClass)\3 ROSESUPERCLASSOFFSET(subClass,Const)

ROSE_-DECLARE (Const) :public RoseUnion
public:

I ROSEDECLAREMEMBERS(Const);

/* Access and Update Methods *
BOOL is-floatO
I return (getAttribute() == getAttribute("-float"));

1float -float()
return (float) ROSEGET PRIM (float,PERSISTENT-data.value.aFloat);,

void _float (float a_float)
this->putAttribute("-float");
if (!ROSE.erroro)

BOOLis-ntoROS EPUTPRIM (float,PERS IS TENT-data. value. aFloat,a float);

I return (getAttribute() == getAttribute("-int"));

mnt -into
I return (int) ROSEGET PRIM (intPERSISTFNT-data.value.anlnt):,

Ivoid mit (int a~int)
I this->putAttribute("_int');

if (!ROSE.erroro)
ROSEPUTPRIM(int,PERS ISTENT-data.value.anlnt,a-int);

1* Constructor *
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Const 0

I ~/* CLASS DECLARATION EXTENSIONS *
TokenReturnValue Evaluateo;3 void Displayo;

#endif

1 4.2.25 Addition/Subtraction Specification

/* Enumerated Type *1
#ifndef Add -Sub -Oper-h
#define Add&$ub-Oper-h

3 #include "roseHdefs.h"
enum AddSub-OperI

Add - ub - perNULL = NULLENUM,
Add Sub OperAdd = 0,

Add.S ubOperSubtract

ROSE_-DECLAREPRIM (Add-Sub-Oper);

#endif

3 4.2.26 Multiplication/Division Specification

/* Enumerated Type */
#ifndef Mult -Div-Oper-h
#define Mult Div Oper-h

#include "roseHdefs.h"
enum Mult_-Div-OperI

Mult -Div OperNULL = NULLENUM,
Mult -Div -Oper-Multiply = 0,3 MultDiv OperDivide

ROSE_-DECLAREPRIM (MultLDiv-Oper);
#endif

4.2.27 UnaryOp Specification

3 ~/* Enumerated Type ~
enum Unary-Op

Unary-Op-NULL = NULLENUM,3UnaryOp-UOp = 0

3 4.2.28 Equiv_Op Specification

/* Enumerated Type ~3 enum Equiv-Op

68



UNCLASSIFIED
CDRL No.OOO2AB-5

Equiv-Op-NULL = NULLENUM,
Equiv..Op-Less = 0,
Equiv-Op-LessEqual,
Equiv..Op-Greater,
Equiv-OpjýGreaterEqual,
Equiv-Op-Equal,

I; Equiv-Op-NotEqual

3 4.2.29 StringValue Specification

/* Class Declaration */
ROSEDECLARE (StringValue): virtual public RoseStructureI
private:

DQuote PERSISTENT-quote 1;
STh PERSISTENT-value 1;
DQuote PERSISTENT-quote2;

pbi:ROSEDECLAREMEMBERS(StringValue);

/* Access and Update Methods *
/* quote 1 Access Methods *

reutqurnel RO GETPRIM (DQuotePERSISTENTLquote I);

I void quotelI (DQuote aquotel1)
ROSEPUTPRIM (DQuote,PERSISTENT-quote 1,aquotel);I

3 ~/* value I Access Methods *
STR value 10)

return ROSEGETPRIM (STR,PERSISTENT-value 1);I void value 1 (STh avaluel1)
ROSEPUTPRIM (STR,PERSISTENT-valuel,avaluel);

1 I~/ quote2 Access Methods *
DQuote quote2()

I return ROSEGETPRIM (DQuote,PERSISTENT-quote2);

void quote2 (DQucte aquote2)
I ROSEPUTPRIM (DQuote,PERSISTENT-quote2.aquote2);

1 1~* Constructors ~
Sting Value 0
String Value(U DQuote aquotelI,

STh avaluel1,
DQuote aquote2)

/* Methods Implementation *
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String ValIue:: String Value ()LN.00A-
PERSISTENT-quotel = (DQuote) NULLENUM;
PERSISTENT -value I = NULL;
PERSISTENTýquote2 = (DQuote) NULLENUM;
ROSECTOREXTENSIONS;

StringValue::StringValue
DQuote aquotel,

DQuote aquote2SRaae,

quotel (aquotel);I valuel (avaluel);
quote2 (aquote2);
ROSECTOREXTENS IONS;

3 4.2.30 DataDictStr Specification

/* Abstract Base Class Declaration */
ROSE_-DECLARE (DataDictStr) :virtual public RoseStructure{I private:

public:3 ~ROSEDECLAREMEMBERS (DataDictStr);

I* Access and Update Methods ~
/* Constructors *
IDataDictStr 0

3 ~/* Methods Implementation *
DataDictStr::DataDictStr () I

ROSECTOREXTENSIONS;

/* CLASS EXTENSIONS *
virtual TokenReturn Value Evaluate(BOOL&, ProductEntities *,ListOfRoseObject*)

virtual void Displayo;

34.2.30.1 EntityNamne Specification

/* Class Declaration */
ROSEDECLARE (EntityName) : virtual public DataDictStr
private: STR PERSISTENT-name;

pbi:ROSEDECLAREMEMBERS(EntityName);

3 /* Access and Update Methods */
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1* name Access Methods */LN.00A-

STR name()3 { return ROSEGETPRIM (STR,PERSISTENT-name);

void name (STR aflame)3 I ROSEPUTPRIM (STR,PERSISTENT-name,aname);

/* Constructors *
EntityName 0U EntityName

STR aname)

U ~/* Methods Implementation *
EntityName::EntityName ()

PERSISTENT-name = NULL;
ROSECTOREXTENSIONS;

EntityName::EntityNameI ~STR aname)

name (aname);
ROSECTOREXTENSIONS;

/* CLASS EXTENSIONS *U ~virtual TokenReturnValue Evaluate(BOOL&, ProductEntities *,ListOfRoseObject*)
virtual void Displayo;

1 4.2.30.2 EntityAttrName Specification

/* Class Declaration */
ROSEDECLARE (EntityAttrName): virtual public DataDictStrI

ListOfString * PERSISTENT-entityName;
STR PERSISTENT-attrName;

public:
ROSEDECLAREMEMBERS(EntityAttrName);

/* Access and Update Methods *
/* entityName Access Methods *
ListOfSufing * entityNameo;I ~ ~~void ROE _PUTOBJ (ListOfSt rigESITNnntt aeaentityName);

enItyRamEPU O (ListOfString ,PRIT* etiyaeaentityName);

3 ~/* attrName Access Methods *
STR attrName()

I return ROSEGETPRIM (STR,PERSISTENT-attrName);

I void attrName (STh aattrName)
I ROSEPUTPRIM (STR,PERSISTENT-attrName,aattrNamel;)
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/* Constructors */
EntityAttrName 0;
EntityAttrName (

ListOfString * aentityName,
STR aattrName );

/* Methods Implementation */
EntityAttrName::EntityAttrName ()

PERSISTENT-entityName = NULL;
PERSISTENTattrName = NULL;
ROSECTOREXTENSIONS;

Entity AttrName::EntityAttrName (
ListOfString * aentityName,
STR aattrName

entityName (aentityName);
attrName (aattrName);
ROSECTOREXTENS IONS;*

ListOfString * EntityAttrName :: entityName()
if( !PERSISTENT entityName)
if( this->isPersistent0)

entityName (pnewln (designo) ListOfString);

else entityName (new ListOfString);3 return ROSEGETOBJ (ListOfString,PERSISTENT entityName);

/* CLASS EXTENSIONS */
virtual TokenRetumValue Evaluate(BOOL&, ProductEntities *, ListOfRoseObject *);
virtual void Displayo;

* 4.3 Analyzer

The manufacturing Analyzer is a subsystem of MO which is responsible for performing the

3 manufacturability analysis on a product database based on the selected process model. The

Analyzer provides the user with the ability to perform a process selection, calculate yield and3 rework, and calculate time and cost. The Advisor uses the output of the Analyzer runs which it

then displays to the user. Following is the corresponding specification and methods for the

* Analyzer class/object.

/* Class Specification */
#ifndef Analyzer h
#define Analyzer-h

7
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#include "rose.h' 
DLN.00A-

/* CLASS INCLUDE-FILE EXTENSIONS *I #include "Analyzer.hi"

ROSEDECLARE (ProcessModel);
#defin-e AnalyzerOffsets(subClass) \

RoseStructureOffsets(subClass)\
ROSESUPERCLASSOFFS ET(subClass,Analyzer)

ROSEDECLARE (Analyzer): virtual public RoseStructureI
private:

STR PERSlSTENT-productDesignNarne;
ProcessModel *PERS ISTENThp Model;
ProcessModel *PERSISTENT~plan;

pbi:ROSEDECLAREMEMBERS(Analyzer);

3 /* Access and Update Methods */

/* productDesignName Access Methods *
STR productDesignName()

return ROSEGETPRIM (STR,PERSISTENT-productDesignName);

void productDesignName (STh aproductDesignName)
ROSEPUTPRIM (STR,PERS ISTENT-productDesignName,aproductDesignName);II

/* pModel Access Methods *I ProcessModel * pModel()
return ROSE_GET_OBJ (ProcessModel,PERSISTENT-pModeI);

3 void pModel (ProcessModel * apModel)
I ROSE_PUT_OBJ (Process Model,PERS I STENTýp Model,apModel);

3 ~/* plan Access Methods *
ProcessModel * plano
f return ROSE_GETOBJ (ProcessModel,PERS ISTE NTp plan),

I void plan (ProcessModel * aplan)
ROSE_PUT_OBI (Process Model,PERS ISTENT-plan,aplan);

3 1~* Constructors *
Analyzer 0
Analyzer(

STR aproductDesignName,
ProcessModel *apModel,

ProcessModel *aplan );
/* CLASS DECLARATION EXTENSIONS *I void PerformAnalysiso;

#endif
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4.4 Advisor

U The Advisor is responsible for displaying the results produced by each process selected

during an Analyzer run. The user can select analysis runs to view. The user can display

process, yield, rework, or costing results as graphs, and can also view complete analysis data

on the screen or send it to a file in report format.

The Advisor graphs are implemented using XRT/Graph for Motif widget which displays

3 data graphically in a window. The graph widget has resources which determine how the graph

will look and behave. We will be writing methods that will take the output results from the

3 Analyzer subsystem.

The graph widget has resources which allow programmatic control of the following items:U • graph type (bar, stacked bar, line, and pie).

* header and footer positioning, border style, text, font, and color.

• data styles: line colors and patterns, fill color and patterns, line thickness, point

style, size and color.
* legend positioning, orientation, border style, anchor, font and color.

• graph positioning, border style, color, width, height, and 3D effect.
* point and set labels.3 * axis maximum and minimum, numbering increment, tick increment, grid increment,

font, origin, and precision.3 • window background and foreground color.

• text areas.
• double buffering.

• axis inversion.

• data transposition.

* marker positioning.

3 XRT/graph also provides several procedures and methods which allocate and load data

structures containing the numbers to be graphed, output a representation of the graph in

3 Postscript format, assist the developer in dealing with user-events, and assist the developer

with setting and getting indexed resources.

7
I
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4.5 Modeler

U The process Modeler provides the ability to capture and modify manufacturing process

models. The Modeler provides a graphical user interface where the user can capture process,

operation, and step activities, as well as the corresponding selection rules and resources. The

output of the Modeler is a ProcessModel object which is structured as a hierarchical tree of

manufacturing activities. Each activity points to either process, operation, or step data. The

ProcessModel object is used by the Analyzer and the Advisor to select the manufacturing

processes that are used in the cost, yield, and rework calculations. Following is the

corresponding specifica.ion and methods for the Modeler class/object.

/* Class Specification */
ROSEDECLARE (Modeler) : virtual public RoseStructureI ProcessModel * PERSISTENTcurrentmodel;
public:

ROSEDECLAREMEMBERS(Modeler);

/* Access and Update Methods */
/* currentmodel Access Methods */
ProcessModel * current-model()

return ROSEGETOBJ (ProcessModel,PERSISTENT_currentmodel);

void current-model (ProcessModel * acurnentmodel)
I ROSEPUT OBJ (ProcessModel,PERSISTENTcurrentmodel,acurrent-model); I
/* Constructors */i Modeler 0;
Modeler (

l ProcessModel * acurrentmodel);
/* CLASS DECLARATION EXTENSIONS */I ProcessModel *readModel0);

void writeModel0;

I;

I

I
I
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5. Conclusions

During this reporting period, the main thrust was on the implementation of the MO

software system. To demonstrate some of the work that was accomplished, technical highligaits

of the manufacturing process model EXPRESS schemas and the C++ class header files were

included in this report.

Raytheon will continue dL veloping, integrating, and testing the MO System during the next

quarter.

I
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I 7. Notes

7.1 Acronyms
ASEM Application Specific Electronic Module

CAEO Computer Aided Engineering Operations

CDRL Contract Data Requirements List

DARPA Defense Advanced Research Projects Agency

DFMA Design for Manufacturing and Assembly

DICE DARPA Initiative In Concuirent Engineering

MO Manufacturing Optimization

MSD Missile Systems Division

MSL Missile Systems Laboratories

3 OSF Open Software Foundation

PWA Printed Wiring Assembly

PWB Printed Wiring Board

PWF Printed Wiring Fabrication

ROSE Rensselaer Object System For Engineering

STEP Standard for Exchange of Product Model Data
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